


OIL MEANS LIGHT 


Oil lamps lighted our past 

. oil progress highlights our 
future. Schlumberger drill hole serv- 
ices have multiplied from one method 25 
years ago to 25 services today ... and 
Schlumberger equipment, keeping pace 
with the industry, operates oct com- 
plete satisfaction as deep as the 


drill can go 
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EXPERIENCE 


THE KEY TO CORE ANALYSIS QUALITY 


The ability to anticipate the inconstant behavior 
of productive horizons and to blend that knowl- 
edge with the compilation of mechanically-procured 
information is the true measure of core analysis 
quality. This interpretive accuracy comes only 
through experience. 


In addition to its use as an immediate aid in the 
proper completion of key wells, what will be your 
future needs for reliable reservoir information? 
Financing of development operations? Sale of 
reserves? Secondary recovery? Unitization? State 
regulatory proceedings? 


Your Core Lab Report carries the inherent advan- 
tages of 18 years’ service and recognition, 25,000 
individual core analyses, 700 different reservoir 
fluid analyses. And day after day, 28 area facili- 
ties add their experience to this growing back-log 
of proficiency. 
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To meet the requirement for a casing centralizer which can 
be started in “slim” holes, without the application of external 
force, Baker now offers the Model “H” /5-Range HINGE- 
LOK Casing Centralizer. It is also successfully used on the 
first few joints—for easy starting—followed by Baker Cen- 
tralizers with greater bowed height to center the casing 
when the hole is over-size or irregular in bore size. 


“Reach” (Bowed Height) of Springs is vital factor 


Where well conditions require the use of centralizers which 
provide ease of starting combined with maximum “reach” 
(bowed height of springs) to ensure a positive, uniform 
annular cementing space around the casing, you can select 
the range of Baker HINGE-LOK Casing Centralizer truly 
“tailor-made” for your needs. 

The increased reach provides adequate, all-around 
cementing space even though the hole size varies consider- 
ably from the drill bit size. Without such increased reach, 
there always is danger that the casing will contact the wall 
of the hole between centralizers, and a poor cement job at 
that point will follow. 


HINGE-LOK permits fast, easy mounting 

Baker HINGE-LOK Casing Centralizers are installed in a 
matter of seconds while running-in, as no welding is required. 
Simply close the HINGE-LOK Centralizer around a coup- 
ling—then insert drive nails which thread themselves into the 
hinge knuckles and will not come out. When exact spacing 
is desired, easily installed Stop Rings are plug-welded at 
required positions. Either mounting method permits unlim- 


BAKER MODEL “H” 
15-Range HINGE-LOK 
Casing Centralizer 
Product No. 9115 

For easy starting 

in “slim” holes. 


ited free rotation of the casing without rotation of the 
centralizers. 


Easily Started WITHOUT “Snubbing” 

By properly selecting and spacing centralizers of suitable 
range, all need for applying external starting force is elimi- 
nated, even in “slim” holes. The superior spring design of 
Baker HINGE-LOK Casing Centralizers permits easy start- 
ing, but the powerful centering force remains after reaching 
the desired cementing point. 


Maximum effective centering force 


Inasmuch as the primary function of any casing centralizer 
is to provide a positive, uniform annular cementing space 
around the casing, the “maximum effective centering force” 
is likewise of primary importance. Baker HINGE-LOK Cas- 
ing Centralizers provide the desired cementing space at the 
cementing point regardless of repeated flattening of the 
+ a This advantage is especially desirable in off-vertical 
oles. 

The engineered bow shape of the springs, with an ideal 
relationship between the length and the bowed height of the 
springs, provides maximum landed centering force in any 
combination of casing sizes and open hole sizes. 

Call BAKER for “Resultful” Centralizer Service 
Just call any Baker representative or office for the kind of 
service every operator appreciates—sincere, courteous assist- 
ance to help you get successful “first-time” Cementing results. 


BAKER OIL TOOLS, INC. 
HOUSTON « LOS ANGELES « NEW YORK 





BAKER MODEL “H” 20-Range HINGE-LOK 
Casing Centralizer ¢ Product No. 9112 
Recommended where LESS-THAN-NORMAL CLEAR. 
ANCE exists between the casing ON which the cen- 
tralizers are mounted and the casing THROUGH 
which the centralizers are run. In cases of over-size 
or irregularity of the open hole, it is often advis- 
able to run the “H-20” Centralizer on the first few 
joints—for ease in starting—followed by the “’H-25” 
or the ““H-50” Super-Range Centralizer. 


BAKER MODEL “HH” 25-Range HINGE-LOK 
Casing Centralizer ¢ Product No. 9113 


Recommended where NORMAL CLEARANCE is pres- 
ent, and no serious problem of over-size hole is 
anticipated. The “"H-25” Centralizer is recommended 
where conditions are such that starting force would 
be a problem with the “H-50” Super-Range Cen- 
tralizer, in which case the H-25 might be used on 
the first few joints and the H-50 run above it. Al- 
though the H-50 requires a larger spacing interval 
for easy starting than centralizers having a smaller 
range, fewer ““H-50” Centralizers—with their supe- 
rior reach—ensure even greater effective centering 
force. 


WITH 


BAKER 


HINGE-LOK 


CASING GENTRALIZERS 


you are sure to get MAXIMUM CENTERING FORCE throughout the zone to be cemented 


ot 


BAKER MODEL “H-50” Super-Range 
HINGE-LOK Casing Centralizer 
© Product No. 9114 


Recommended for GREATER-THAN-NORMAL CLEAR- 
ANCE—wherever the diametral clearance between 
the casing ON which the centralizers are mounted, 
and the casing THROUGH which they are to run 
exceeds five inches; or for NORMAL CLEARANCE 
where extensive hole irregularities are anticipated. 
No other centralizer can provide such effective cen- 
tering action as the “H-50” in irregular or over-size 
hole sections, or in cavities. By increasing the bow 
of the springs (without proportionately increasing 
their resistance to starting) maximum centering effi- 
ciency is assured, regardless of individual well 
conditions. 
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a high-weight, lot 


Here is a new, low-viscosity oil base drilling fluid that can be | 
weighted to extremely high weights, yet remains stable under 
high temperatures and pressures. Tests have been run for periods 
of four weeks under high pressures and at temperatures up to 
400° F. with no adverse effects. It contains no clays or bentonites; — 
problems of high temperature gelation are completely eliminated. 


DRILLING AND COMPLETION FLUID 


Due to its low maintenance cost and complete resistance to con- 
tamination from cement, salt, anhydrite, etc., Super Mix is the 
ideal fluid for drilling and completion work where high mud 
weights are required. During a recent workover job in the Gulf 
Coast Area, Super Mix was weighted to 17.0 lbs./gal. (127.5 
Ibs. /cu. ft.) with a viscosity of 69 sec. API at 120° F. This mud 
was in use for six weeks and the total treating cost was less than 
$300.00. Weights as high as 18.7 lbs. /gal. (141 lbs. /cu. ft.) have 
been successfully used in the field. For drilling deep, hot holes, 
heaving shale, and other troublesome formations there is no 
fluid to equal Black Magic Super Mix. 


PACKER FLUID 


Super Mix is also being used extensively as a highly weighved 
fluid in the annulus above production packers in high pressure 
wells. In no case has the fluid shown any tendency to settle, 
disintegrate or solidify. When it becomes necessary to pull the 
packer, the Super Mix — unlike other packer fluids— serves as | 
an ideal drilling or workover fluid. It can not deteriorate by 
standing idle for long periods of time. 


PERFORATING FLUID 
As a perforating fluid, Super Mix will not seal off the newly shot 
holes, as is the case when a fresh or salt water clay mud is used. ee em 
The excessive heat and force generated by bullets and jet charges aj 


actually bakes a hard, solid clay plug behind the shot, thereby 
minimizing the perforating job. In some cases flow has been 
restricted as much as 77 %.* In recent experiments with perforat- 
ing guns, Super Mix produced a soft mushy substance in shot 
holes which dissolved in crude oil when the well came on pro- 
duction. No possible chance of plugging the formation with this 
drilling mud. For more information on Super Mix, write for the 
paper— ‘Recent Developments in Oil Base Mud.” 


* EMectiveness of Gun Perforating. Journ. Pet. Technology. January, 1954 


OIL BASE, Inc. 
BRANCHES: Bakersfield + L Beach « Vent 
130 ORIS STREET, COMPTON, CALIFORNIA aata + Gtene + Gitcmeneéite ° Bonen ae 
. Jennings «* Harvey «* Calgary * Caracas 
Plants mn Compton, Houston, Odessa, Duncan Lima, Peru * Paris, France * Cable Address: OBI 


























when pipe is $TUCK it’s a job for 


the MAGNA-TECTOR 


COMPLETE D-over 10,000 successful jobs. 
SAVE D-millions of dollars in rig time 
and pipe. NEW-ask about our new 
ONE-TRIP back-off service—another 50% 
saving in rig time. Write for Bulletin 

No. 402 for complete details. 
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HOLDS PRESSURES Automatically 
GUIBERSON 


Type E 


TUBING 
STRIPPER 


FOR LOW AND MEDIUM PRESSURES 


Low in height and compact, this new Guiberson stripper speeds up 


running or pulling tubing because it seals automatically. Rubber 


requires no tightening or adjustment. Cup-shaped rubber is specially 


designed to be tear resistant — specially compounded to resist damage 


from oil, gas or well fluid. Reinforced with steel wires and bushing. 
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GUIBERSON 


Bayonet-type latch on cover plate 
makes it easy and quick to remove 
or install rubber. Handles lock the 
cover on the body. Cover plate 
accommodates Guiberson Tubing 
Spider. Body may be tapped for two 
2” side outlets on special order. Pres- 
sure rating, 750 p.s.i. working pres- 
sure, 1500 p.s.i. test pressure. For 2”, 
2%” and 3” tubing, and for flange 
sizes 6-400, 6”-600, 6”-900, 8’’-400 
and 8”-600. 





Dowell offers a wide variety of acid addition agents designed to solve individual well problems. Trained engineers apply these 
chemicals according to the latest techniques, using modern treating tools and high-pressure, high-volume pumping equipment. 


HIGH TEMPERATURE WELL 
ACIDIZED WITHOUT CORROSION 


DOWELL inhibited acid also helped increase 
production from 0 to 972 bbls. on 7-hour test 


\cidizing withott properly inhibited acids has resulted in corrosion 
damage to well equipment in too many eases. Not only is this a costly and 
inefficient way to operate, it is also unnecessary! 


Dowell was the pioneer service company using inhibited acidizing to 
increase oil well production and, at the same time, leave the metal well 
equipment undamaged. Today, the inhibitors developed and used by 
Dowell are the most effective known. For example, a well had a bottom 
hole temperature of 210°F. A previous acid treatment had resulted in 
corrosion damage and had failed to increase production appreciably. Then 
Dowell was called to treat the well with “high-temperature inhibited” acid. 
Production went from almost 0 to 972 bbls. on a 7-hour test. Inspection 
showed no acid-corrosion damage. 


Laboratory tests show that the Dowell high-temperature inhibitor reduces 
the corrosion rate of hydrochloric acid upon steel, expressed in terms of 
metal loss, to approximately .05 lbs. per sq. ft. per day at temperatures as 
high as 300°F. This inhibitor is effective even up to 400°F. 

For service or information about acidizing, fracturing, Electric Pilot and 
jet perforating, call your nearest Dowell representative, or write directly 
to Dept. G-15, DOWELL INcoRPORATED, Tulsa 1, Oklahoma. 


DOWELL SERVICE 
chemical services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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ALLOCATION of COSTS between PETROLEUM 
LIQUIDS 


E. E. HUNTER 


Introduction 


Petroleum producers have been engaged for many 
years in supplying several different types of materials 
from the leases they operate. Some leases produce crude 
oil and casinghead gas, others produce gas-well gas and 
condensate, and still others produce all four of these 
materials. Therefore, the problem of allocating costs 
between these intermingled products is not a new one. 


While in some fields gas has been the dominant prod- 
uct, most producers have been interested principally in 
oil. Consequently, little has been done about the cost allo- 
cation problem by oil producing companies. For account- 
ing purposes, these companies have generally con- 
sidered gas a by-product, and whatever realization was 
obtained from it was accounted for as a reduction of 
producing costs, which were all considered to be ap- 
plicable to crude oil. The inadequacy of this procedure 
under present day conditions, and the need for a more 
realistic approach to the problem of accounting for 
costs, can probably be illustrated best by a brief review 
of the growing importance of gas in the economic 
structure of the industry. 


Need for Allocation 

Known natural gas reserves in the United States 
approximately doubled during the 10 years ending with 
1952, rising to a total of nearly 200 trillion cu ft at 
the beginning of 1953. In terms of heat value the 200 
trillion cu ft of gas is approximately equal to the com- 
bined heat content of the 28 billion bbls of crude oil 
and the 5 billion bbls of condensate in reserve at the 
beginning of 1953. However, the heat units produced 
in the form of oil in 1952 were almost twice as great 
as those produced in the form of gas — a good indica- 
tion that there is much more room for expansion in 
production of gas than for crude oil. 


The rapid growth in demand for gas since the end 
ef World War II has brought about a substantial in- 
crease in the wellhead price, despite increasing reserves. 
In the Southwest, for instance, the price doubled in 
the period from 1943 to 1951, rising to an average of 
approximately 5.6 cents a thousand in the latter year. 
Marketed production of gas in the United States had 





Manuscript received in the Petroleum Branch office Oct. 19, 1955 
Paper presented at the Petroleum Branch Fall Meeting in Dallas 
Oct. 19-21, 1953. 
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HUMBLE OIL & REFINING CO. 
HOUSTON, TEX. 


increased to a rate of about 7.5 trillion cu ft in 1951 
and over 8 trillion in 1952. The increase in demand 
thus indicated has been close to 12 per cent a year 
since 1946, more than twice as great as the rate of 
increase in demand for crude oil. 


This extraordinary growth in the volume and value 
of gas has raised it to a position of importance that com- 
pels recognition, even by companies interested princi- 
pally in oil production, of its status as a joint product. 
(For some companies and in some fields gas has for 
many years been a primary product.) Good account- 
ing practice and business prudence dictate that oil 
producers now adopt some method of allocating costs 
to gas, or actually to all four of the joint products 
involved — crude oil, casinghead gas, gas-well gas, and 
condensate. However, full industry recognition of this 
fact has come so recently that no generally accepted 
method of making the allocating has been found. 


Difficulties Involved 


The difficulties involved in allocating costs between 
the various products supplied by petroleum producers 
arise from the fact that the intermingled products are 
so often produced at a cost that is common to all. 
Liquid and gases are lifted through the same well bore, 
by the same manpower, and under the same supervision. 
Under these circumstances costs cannot be traced exactly 
to each joint product. 


This problem of allocating common costs is not 
peculiar to the petroleum producing industry. For 
example, the meat packing, milling, chemical, lumber, 
and petroleum refining industries all are faced with 
the problem of allocating common costs between two 
or more joint products. The difficulty or impossibility, of 
allocating such costs ‘exactly’ by no means lessens 
the need for some careful estimates of the cost of 
each product for the purpose of measuring the relative 
profitability of various operations and as a general 
yardstick for testing the adequacy of sales prices. Each 
industry has developed cost accounting procedures 
that are logical under the prevailing operating circum- 
stances. As conditions change, the accounting pro- 
cedures change with them. There is no reason why 
petroleum producers cannot change their traditional 
custom of considering that all costs are applicable to 
crude oil, just as other industries have changed their 
customs when necessary. 





A Method of Allocation 


The discussion that follows will be devoted principally 
to the method of allocating producing cost that has 
been adopted by Humble Oil & Refining Co. In the 
search for a method that would take into account 
the peculiar characteristics of oil and gas producing 
operations and would provide reasonably accurate indi- 
cations of relative costs, two methods of allocation were 
seriously considered. These can be termed the realiza- 
tion method and the energy content method. The energy 
content method is the one that was adopted, but the 
realization method will be discussed briefly first because 
it is familiar to so many people. 


Disadvantages of Realization Method 

The realization method of allocating costs assumes 
that costs are incurred in proportion to sales value. This 
method has a fundamental weakness. If the price of one 
product declines relative to others, its allocation of costs 
is reduced correspondingly, although there may be no 
change in the costs incident to the total operation or in 
the costs involved in handling the individual products. 
This is not so much a method of allocating costs as 
of allocating profit or loss according to sales values. 

The realization method has the additional disadvan- 
tage of providing no indication as to what may be a 
realistic cost basis and, therefore, a minimum level of 
price for the various joint products, since it is keyed 
to what the product is selling for and makes no attempt 
to determine what it should be selling for to return 
a reasonable share of total costs. This method also 
differs in principle from the long established practice 
of determining certain unit costs of producing oil on 
the basis of barrels produced without regard to realiza- 
tion, even though the price may vary between grades 
of crude oil produced by the same operator from $2 
to $3/bbl and sometimes even more in case of special 
high or low grades of crude. 


Advantages of Energy Content Method 

The energy content method, or principl-, of allocat- 
ing costs is based on the fact that the petroleum industry 
is engaged in supplying energy in the form of heat. 
The heat content of the liquid and gaseous fuels sup- 
plied is, to a large degree, the measure of the real value 
of the material. The energy content is, therefore, a good 
measure of the intrinsic value of the hydrocarbons 
being produced. It is reasonable to assume that the 
effort put forth to find and produce crude oil and gas, 
and the co-products of each, is in relation to the intrinsic 
value of each and should thus be divisible in relation 
to the energy content of each. Since the expenditure 
of money is usually very closely related to the effort 
put forth, it is reasonable to conclude that costs can be 
divided in the same manner as the effort when there 
is nO more exact means of making the division. The unit 
of measure common to all forms of heat energy that can 
be used for the purpose of this allocation is the British 
Thermal Unit. A barrel of crude oil, like a barrel of 
fuel oil, has a heat value of approximately 6 million 
Btu’s. while an Mcf of gas usually contains approxi- 
mately | million Btu’s. 

The energy content method has the advantages of 
simplicity and stability, since the constant ratio of heat 
content can be used as the measure of energy produced. 

One argument that may be presented against the 
allocation of costs on the basis of heat value is that 
realization for the various products may not be in 


12 


line with their heat value, and that costs thus allocated 
may appear distorted in relation to the realization. This 
is simply arguing that the realization method is a better 
method of allocation, but the objection can be overcome 
to a large degree even if the realization method has 
merit. Gas-well gas at 15 cents/Mcf is delivered to 
industrial users on the Gulf Coast at a realization per 
Btu of only half that of fuel oil, its chief competitor, 
which is presently selling for about $1.85 a barrel; and 
gas at this price is even cheaper in relation to crude oil. 
However, since costs directly identifiable with the pro- 
ducing activity are substantially less per Btu for gas- 
well gas than for crude oil, because of the wide spacing 
of gas wells and the natural flow of the gas, the profit 
per heat unit should equal that of crude oil when the 
selling price of gas per heat unit is less than that of 
crude oil. Gas prices have advanced more rapidly in 
recent years than crude oil prices, and are continuing 
to move upward. Consequently, an allocation of costs 
between liquids and gas on the basis of heat content will 
in time appear more realistic relative to prices. In addi- 
tion, it avoids the limitations and the constant changes 
involved in the use of the realization method. 


Modification of Energy Content Method 

The energy content method of allocation may be 
applied, if necessary, with modification designed to 
fit the peculiar circumstances of individual operators or 
particular situations. One of the major problems in con- 
nection with allocation of costs relates to casinghead 
gas. Such gas frequently brings a lower price than 
gas-well gas because its supply is regulated by the pro- 
ductivity of oil rather than by the needs of the cus- 
tomers, and because of other problems incident to 
the handling of casinghead gas. In such circumstances, 
the allocation of costs on a strict heat value basis 
may indicate a higher total cost for casinghead gas 
than can be realized from its sale. Nevertheless, if 
the oil is to be produced and casinghead gas must also 
be produced, an economic advantage will be gained 
from selling the casinghead gas if a price is received 
which more than covers the direct cost of handling 
the gas after it has come to the wellhead, even if 
it does not cover its full share of total cost. 

It is generally recognized. that casinghead gas may 
facilitate the production of oil by helping to bring it 
to the well bore and even to lift it to the wellhead. 
In view of this, any formula devised for allocation of 
producing costs may well allow casinghead gas some 
credit for the assistance it provides in lifting oil. Sev- 
eral means of determining the amount of such credit 
might be developed. In some cases operators may have 
gas repressuring projects in which they know the cost 
incurred in using gas to increase recovery of oil. Such 
costs might be considered as the credit to be given other 
casinghead gas produced with oil for its assistance in 
the oil production. Other operators may have both oil 
and gas operations of sufficient magnitude to determine 
the direct costs of handling gas from gas wells, and 
may then use such direct costs as representing those 
for the casinghead gas as well. This procedure also 
results in a credit to casinghead gas for its assistance in 
lifting oil, since it costs less to produce the same 
amount of energy from gas wells than from oil wells. 


Application of Energy Content Method 


Having decided on the basic principle of allocation 
to be used, the next problem is to apply the principle 
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to the costs that are related to production. Three gen- 
eral types of costs are involved. They are: direct pro- 
ducing cost, indirect producing cost, and exploration 
cost. Each of these presents its own peculiar problems. 
Direct Costs 

Direct costs include all costs that can be directly 
traced to the smallest unit used for accounting purposes, 
which is usually a lease. Examples of these costs are: 
depreciation, taxes, maintenance, fuel, pumping, recon- 
ditioning, etc. It can be seen that this category of pro- 
ducing cost requires allocation only to a limited extent. 
The cost of working over an oil well, for instance, could 
be attributed to the production of crude oil — if it 
were not for the fact that casinghead gas is also being 
produced from the well. Thus, the problem here is to 
find a way to allocate the cost between crude oil and 
casinghead gas; or the problem might be one of alloca- 
tion between gas-well gas and condensate. 

The method adopted for this purpose is basically the 
cnergy content method, with a modification that has 
already been described. Direct costs applicable to gas 
leases are first compiled and allocated between gas-well 
gas and condensate in proportion to the aggregate heat 
content of each. The unit cost thus obtained for gas- 
well gas is then applied to the volume of casinghead 
gas produced on oil leases, and the balance of direct 
costs compiled for oil leases is allocated to crude oil 
production. This assumes that it costs exactly as much 
per unit to produce casinghead gas as it does to pro- 
duce gas-well gas. 


Indirect Costs 

Indirect costs, usually including division and home 
office supervision and staff expenses, present a some- 
what different problem because they are not directly 
related to either oil wells or gas wells. Since these 
costs are closely related to direct costs they are allocated 
in proportion to the amount of direct costs allocated 
to each product. There is considerable precedent in 
accounting practice for this type of allocation. 


Exploration Costs : 

Exploration costs usually include such items as dry 
hole costs, lease rentals, surrendered leases, test-well 
contributions, and all types of geologic, geophysics, 
and leasing costs. The allocation of exploration cost 
present a more difficult problem than the other two 
types of producing cost. 

In one sense, exploration cost is related to the 
volume of hydrocarbons discovered rather than to the 
volume produced. However, the accounting concept 
of exploration cost is much the same as that of research 
and development costs. Many industries must, by their 
very nature, expend considerable sums in research 
activities in order to remain in a competitive position 
in relation to the other members within that industry. 
In this light, such cost must be viewed as a norma! 
and recurring charge to current operations. 

Obviously, the exploration effort of the petroleum 
industry must be conducted to provide the reserves 
that are necessary for a producing company to stay in 
business. For this reason, most companies have elected 
to expense exploration cost currently. Consistent with 
the energy content principle, this expense is allocated 
to the four joint products in proportion to the aggre- 
gate heat content of each. 


Illustration of Allocation 
The results of the allocation procedure just described 
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can be illustrated by the following hypothetical example, 
which compares the traditional method of allocating all 
cost to crude oil with the energy content method of 
allocation: 


Crude Casing- Gas-well Con- 
Oil head Gas densate 


1,000 Bb! 1,000 Mcf 1,000 Mcf 1 Bbi 
1,000 Bb! 167 Bbl 167 BbI_—s1: Bb! 


Vol. of production — 000’s 
Heat equivalent — 000’s 
COST PER UNIT 


Traditional Allocated by Energy Content Method 
Method (approximate figures) 


Crude Crude Casing- Gas- Con- 
Oil Oil head Well densate 


Per Per Per Per Per 
Bbi Bbl Mcf Mcf Bbi 


Direct Cost- 


Gas Leases . $ 36 
$1.00 


Direct Cost- 
Oil Leases 940 $ 88 


Indirect Cost 330 33 29 .02 j 12 
Exploration Cost 500 .50 37 064 .06 + 37 


Total $1,830 $183 $1.54 $.14 $ .85 


It must be remembered that direct costs are accumu- 
lated for gas leases and for oil leases and that the 
allocation is made separately — hence the difference 
in cost per Btu and per barrel between crude oil 
and condensate. It must also be remembered that these 
figures are purely hypothetical. 


Definition of Gas Production 


One of the troublesome problems involved in the 
entire procedure of producing cost allocation is the 
definition of gas production for the purpose of comput- 
ing the allocation factors. The fact that gas is often 
handled more than once before it is sold or used as 
fuel is the root of this problem. Spent gas lift gas, 
for instance, should not be included as production 
for the purpose of this allocation because to include 
it would have the effect of allocating more cost to 
gas, while it actually helps reduce the cost of lifting 
oil. The same thing is true of cycled gas and gas returned 
to the saine reservoir for pressure maintenance. Flared 
gas would appear at first to be the type of production 
that should bear its fair share of the cost, but with 
conservation practices constantly tightening down on 
flaring of gas to the point where about the only gas that 
will be flared in the future is that which is not salable 
or usable under any circumstances, this first appearance 
might be misleading. If it is not a commercial product 
it should be considered as a waste product and no 
costs allocated to it, as such. Consequently, flared gas 
must be kept out of the production volume for the 
purpose of cost allocation. Stored gas, on the other 
hand, probably should be considered as production 
since the storage process is usually intended to be merely 
a postponement of sale. The stored gas will also have 
to bear its proper share of the cost when it is produced 
from the reservoir in which it is stored. 


Limitations of Method 


The method of allccation that has been described was 
designed to indicate average costs rather than costs for 
individual fields or leases. When applied on an over-all 
company basis, it appears to give results that are reason- 
able. When applied to smaller areas the results are 
more erratic, and the method may not always be satis- 
factory for the alloction of costs in a particular field or 
on a particular lease. 


(Continued on Page 57) 





REPORT and INTERPRETATION 


JOE B. ALFORD 


Recent Branch Executive Committee Actions 

A summary of the important decisions made by the 
Petroleum Branch Executive Committee during its Feb- 
ruary and June, 1954, meetings are outlined below in 
this Report. 


Petroleum Branch Fall Meetings 

Registration Fees: The growth of the Branch Fall 
Meeting, from an attendance of 937 men at New Orleans 
in 1950 to an expected 2,000 in San Antonio next 
October, has increased almost everything in connection 
with the meeting. The number of papers on the program 
this year will be about 50, and increased registration 
fees are necessary to cover the costs of producing 
this quantity of preprints and handling other meeting 
costs. Consequently, the Executive Committee raised 
the member registration fee from $3.50 to $5.00 for the 
San Antonio Meeting. Students will be admitted free 
and allowed to purchase preprints at a discount. 

Many members have felt that the differential between 
member and non-member registration fees during recent 
years has not been enough. This is particularly true with 
the non-member registration at the Dallas Meeting last 
year of 514, or 30 per cent. To correct this situation, 
the Executive Committee raised the non-member regis- 
tration fee for the San Antonio Meeting to $10.00. 

Along with this increase in non-member registration 
fees, a new plan will be started this year to permit 
$5.00 of the non-member fee to apply against the 
AIME initiation fee. The provision is that if the non- 
member's application is received within 30 days after the 
meeting, $5.00 will be forwarded from the Petroleum 
Branch Special Projects fund (in which all! registra- 
tion fees are deposited) to the Institute headquarters. 
In other words, the Institute will receive the applicant’s 
full initiation fee, but he will get credit for $5.00 of 
his meeting registration fee. We believe this should be 
a very good incentive for non-members to join the 
Institute. 

Attendance at Technical Sessions: Considerable dis- 
cussion also developed after the Dallas meeting last 
year on the question of whether or not the social func- 
tions should be restricted to members, and a related 
question has been whether or not to restrict the technical 
sessions to those registered at the meeting. The Execu- 
tive Committee considered both questions at the Feb- 
ruary meeting, at which a wide range of opinion was 
presented. The consensus was that we should maintain an 
open forum type meeting if at all possible, and the 
decision was to place a conspicuous sign in front of 
the entrance doors of each technical session saying that 
the session is open only to those persons registered at 
the meeting. 

Pre-registration for Fall Meeting: An advance regis- 
tration that was conducted for the 1953 Fall Meeting 
in Dallas was considered very successful. Although 
only 365 members took advantage of this method of 
registering, we believe it serves an important function. 
Firstly, it distributes some of the preprints before 
the meeting, which enhances discussion, and secondly, 
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it permits members the first chance to buy tickets for 
the social functions. The advance registration will be 
used again this year, with the same fee to be charged 
for advance registration or for registration at the 
meeting. 

Financing of Fall Meetings: In past years the local 
sections serving as “hosts” to the meetings have been 
financially responsible for the social functions. The 
total income and expense for social functions for the 
1954 meeting in San Antonio is expected to be on the 
order of $30,000, and a number of us have felt that 
this is too great a financial burden to place on the 
local sections. Moreover, some have felt that the social 
functions are the responsibility of the Petroleum Branch 
in the final analysis, even though they may be conducted 
by the local sections. As a consequence, the Executive 
Committee made the decision to handle all income and 
expense for the San Antonio Meeting through the Branch 
Special Projects fund. The objective will be to break 
even on the meeting. 


Petroleum Branch Membership Directory 

The Executive Committee authorized the publication 
of a Branch membership directory if reasonably paid 
for by advertising, and this was carried out in the 
June issue of PETROLEUM TECHNOLOGY. The New York 
office of the Institute maintains a ‘directory address” 
on all members, which was placed on a set of 3x5 
cards for the Petroleum Branch members. These cards 
were then sent to our printer in Dallas, the alphabetical 
listings were set from them, they were then placed 
in alphabetical order by cities. The directory was 
printed and bound into the June issue of? PETROLEUM 
TECHNOLOGY in such a way that it can be easily 
removed for permanent reference. Advertising income 
just about paid for the cost of the directory, and we 
believe it will be an excellent service for the mem- 
bership. 


Assistance to Local Sections on Program Material 

The Petroleum Section Conference, meeting in Dallas 
in October, 1953, recommended to the Executive Com- 
mittee that a study be made of the possibility of pro- 
viding the local sections with a “speaker panel” on 
the order of a distinguished lecture series. Burton 
Atkinson, accompanied by Roland Gouldy and William 
D. Owsley, studied the problem as a special committee 
and recommended that such a panel not be developed, 
because the committee believed that the effort entailed 
in local sections developing their own programs would 
engender more interest on the part of members and 
make the sections stronger than if the programs were 
arranged for them. However, this special committee 
recommended that all petroleum sections be informed 
by the Branch Office on a monthly basis of the 
papers presented before other sections. The Executive 
Committee adopted these recommendations, and the 
reporting of all papers to all other local sections has 
been carried out in recent months. The results seem 
to be very helpful. Wick 
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HYDRIL “GK” blowout preventer 


Your whole investment in rig and equipment— 
as well as the lives of your crew— may depend 
upon how quickly the well-head can be packed 
off in an emergency. Well-informed operators 
know this. That’s the reason for the increasing 
demand for Hydril “GK” Blowout Preventers. No 
other blowout preventer acts so fast—or packs 
off more securely, no matter what is in the hole 
when danger threatens. 


HYDRIL COMPANY 


714 W. Olympic Blvd., Los Angeles 
HOUSTON «ROCHESTER» YOUNGSTOWN 
For more complete information, contact cond nearest Hydril representative: Avenal, Bakersfield, Los Angeles, Ventura, California; a New 
e 


Iberia, Louisiana; Youngstown, Ohio; Tulsa, Oklahoma; Rochester, Pennsylvania; Corpus Christi, Dallas, Houston, Midland, Odessa, Texas; 
Casper, Wyoming; Calgary and Edmonton, Canada. 
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A new aden ton ever increasing 
family of superior 


the A W pumping equipment 


COMPLETELY ENCLOSED AIR 
SYSTEM. PATENTED SEAL- 
ING ARRANGEMENT IN- 
SURES MINIMUM LOSS OF 
AIR. 


SIMPLE DEVICE AUTO- 
MATICALLY CONTROLS AIR 
PRESSURE FOR VARIABLE 
COUNTERBALANCE RE- 
QUIREMENTS KEEPING WELL 
PERFECTLY BALANCED AT 
ALL TIMES. 





FOR EASY 


SIMPLE a OPERATION AND 
MAINTENANCE 


FOR DEPENDABILITY 


RUGGED es AND TROUBLE FREE 
SERVICE 





FOR ECONOMICAL 


COMPACT TRANSPORTATION 
AND INSTALLATION 


@ A COMPLETE RANGE OF API SIZES 
FROM 114 THRU 912 


FOUNDRY & MACHINE COMPANY 
LUFKIN, TEXAS 
Branch sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, Oklahoma City, Corpus Christi, Odessa, 
Kilgore, Wichita Falls, Casper, Wyoming, Great Bend, Kansas, Effingham, Illinois, Duncan, Oklahoma, Brookhaven, Mississippi 
Lufkin Equipment in CANADA is handled by 
THE LUFKIN MACHINE CO., LTD., 14321 108th Avenue, Edmonton, Alberta, Canada. 





Our Fhce ig Red! 


INQUIRIES 


ef I. i ee 


VW 
VW @ WMever dreamed, ¢ « that the oil industry would respond so 
enthusiastically to our introduction of the “Royal Scintillator?’ 
We were caught with our production down. We not only did not 
have enough instruments to supply the demand, we didn’t 
even have enough catalogs. We apologize and wish to assure our 
customers that we are now in a position to give prompt service. 

Not everyone agrees that the radiation survey technique is a 
proven method of oil field exploration. We agree that not enough 
data is available as yet, however, there is a growing body of opinion 
which holds that this is a valuable technique. Recent very 
encouraging results support this opinion. 

We cannot guarantee that the Model 118 Royal Scintillator will 
locate oil, but we can guarantee that the Royal is the best instrument 
made for investigating the radiation pattern existing around oil fields. 
It is also the best instrument made for uranium prospecting, and 
its use for this purpose should not be overlooked by oil geologists. 

Write now for our free pamphlet on “The Principles of Oil 
Field Detection with Scintillation Counters” and our complete 
catalog on Geiger Counters and Scintillation Counters. 


2235 5T S. LA BREA AVE. LOS ANGELES 16, CALIFORNIA 
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RECISION RADIATION INSTRUMENTS, INC. 


World’s Largest Manufacturers of Portable Radiation Instruments 
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Clark ‘‘Midget Angles’ are 


HIGHWAY WIDTH 





No! Road-hogging is not a characteristic of 
Clark Midget Angle Compressors. They’re 
made to be moved by truck-trailer .. . over 
highways, oil field roads, bridges and through 
underpasses . . . or by standard railroad flat 
car. They’re designed from the ground up as 
semi-portable field compressors. 

Amazingly compact and relatively light 
weight, most Midget Angles reach you as fully 
assembled, skid-mounted, factory tested, pack- 
aged compressor stations. No further engineer- 
ing and field assembly are necessary. They’re 
ready to go to work the day you receive them. 


Compact, factory packaged 


The savings in field erection labor and 
hauling expense, however, are only two of 
many Midget Angle features. If you have field 
gas to move, you'll want to know all the ad- 
vantages of this outstanding Clark line which 
is available in 2, 4, 6, 8 and 10-cylinder models 
covering a range of 85-440 bhp. Request Bul- 
letin 126 and see your nearest Clark repre- 
sentative for complete details. 


CLARK BROS. CO. ° OLEAN, N. Y. 


DIVISION OF DRESSER OPERATIONS, INC. 
Sales Offices in Principal Cities Throughout the World 











Clark sets the pace in compressor progress 
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another Johnston first! 
SELECTIVE ZONE TESTER 


Get tests at any level 
without tail pipe! 


TESTING TOOL 


Test more than one zone with a 


> . . 1 
TOP PACKER single trip in the hole! 


Eliminate cost and hazard of 
setting on cement plug! 


Evaluate zones passed up 
while drilling! 


TEST ZONE 


Pin-point gas/oil and water/oil 
contact! 








Save rig-time and money! 
BOTTOM 


PACKER 
Watch for more information on 
Johnston’s NEW... FIELD PROVEN 


SELECTIVE ZONE TESTER 
Write For Brochure 


JOHNSTON TESTERS 


first in drill stem testing 


HOUSTON, TEXAS 
LOS ANGELES, CALIF. * CALGARY. CAN. 











CAMCO YOU'RE SAFE! 


ALL PARTS AND PACKING ARE 
SELECTIVELY RETRIEVABLE 


If you are considering Gas Lift or a Permanent 
Completion check the advantages Camco offers 
by contacting your Camco Representative or write 


for a complete catalog 


CAMCO 


7317 CANAL ST e 


INC. 
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Heat in base of “LTX” Separator gives advantages 
NOT obtained by use of “LTG” (Low Temperature 
Glycol) Separator with no heat in base. 

1. LTX means maximum high pressure gas sale, min- 
imum low pressure gas waste, and maximum stock 
tank liquid recovery per unit volume of well 
effluent produced. 


FLARE GAS 


(RESERVOIR DOLLAR) 
WASTE IS HELD TO 


THE MINIMUM WITH 


Wdilional 11x” ytlem 


2. 


LTX means ability to operate without glycol 
injection. 


LTX means ability to operate with glycol injection 
at minimum cost. 


LTX means proven maximum trouble-free opera- 
tion for all conditions and locotions. 


*T. M. Reg. U. S. Pat. Off. 
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NATIONAL TANK COMPANY 


TULSA, OKLAHOMA 
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PETROLEUM TRANSACTIONS 


A SIMPLIFIED ANALYSIS of UNSTEADY RADIAL GAS FLOW 


J. S. ARONOFSKY 
R. JENKINS 
MEMBERS AIME 


ABSTRACT 


A simple means of predicting the flowing well 
pressure history in a natural gas reservoir has been 
developed. The differential equation for unsteady radial 
flow of gases through porous media was solved by 
numerical methods using electronic punch card ma- 
chines. The results obtained from these calculations are 
presented in a generalized form which is believed to be 
most convenient for engineering use. These results are 
compared with those presented in a paper by Bruce, 
et al’. 

An effective radius of drainage has been defined 
which permits the equation of steady state gas flow to 
be used easily to predict well pressures in gas reservoir 
depletion. An equivalent effective radius of drainage 
is defined for liquid flow systems and a comparison is 
made of the gas solution to the liquid solutions. 


INTRODUCTION 


This paper presents a numerical method for describ- 
ing the transient flow of gases radially through a porous 
medium from which the production rate is specified. 
The results obtained from these calculations are pre- 
sented in a generalized form which is believed to be 
the most convenient for engineering use. 


The principal application of these calculations should 
be to flow in natural gas reservoirs, in the interpretation 


‘References given at end of paper. 
Manuscript received in the Petroleum Branch Office Feb. 17, 1953. 


Discussion of this and all following technical papers is invited. 
Discussion in writing (3 copies) may be sent to the offices of the 
Journal of Petroleum Technology. Any discussion offered after Dec. 
31, 1954, should be in the form of a new paper. 


PETROLEUM TRANSACTIONS, AIME 


MAGNOLIA PETROLEUM CO. 
DALLAS, TEX. 
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of pressure drawdown tests, in the estimation of reserves, 
and in calculation of injection pressures required in 
gas injection and cycling operations. The evaluation of 
natural gas wells is based upon back-pressure tests in 
which measurements of production rate and flowing well 
pressure are made for periods of one, two, or more 
days. The flow is assumed to have stabilized at this 
time, and the observed values of pressure and produc- 
tion rate are used with standardized formulae to deter- 
mine the well’s allowable production rate. Furthermore, 
the results obtained from such a test of short time 
duration are extrapolated in such a manner to allow 
a prediction of what the well pressure will be et some 
future time for a specified (but possibly untested) flow 
rate. 


The manner of conducting such back-pressure tests 
suggests several questions as follows: 

1. What is the definition of stabilized flow and what 
factors determine the length of time required for the 
flow to become stabilized? 

2. How may the recorded values of pressure and 
rate be utilized? 

3. As the well is produced and the reservoir pres- 
sure falls, how will the flowing well pressure change? 
Can this flowing well pressure be predicted from the 
back-pressure test? 

4. Are the results obtainable from the test influenced 
by a particular procedure used in obtaining the results? 

5. Is it possible to estimate the gross reservoir per- 
meability from back-pressure data? 


It is not within the scope of this paper to provide 
solutions or even to discuss adequately all the above 
questions. However, in considering such matters, the 
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writers were stimulated to investigate transient gas flow, 
and have presented two scientific papers’’ on this sub- 
ject. The purpose of the present paper is to present 
in reservoir engineering terms the results of this previous 
computational work, emphasizing the new concepts 
which were found. All of the results were obtained by 
means of calculations on high-speed electronic digital 
computing machines. 

The results should be used with caution, taking into 
consideration the idealized assumptions that were made 
concerning the initial and boundary conditions, the rock 
properties, and the assumed properties of the gas itself. 


BASIC ASSUMPTIONS 


The differential equation which describes the flow of 
a gas through a porous medium has been described in 
the literature,’ and its derivation is omitted here. For 
radial flow, this equation is 
o(P/P.)° 1 0(P/P.)’ 
— 


or r er 


_ 2¢u 0(P/P.) 
~ PUK ar 


(1) 


(The symbols are listed at the end of the paper). 

It is worthwhile to examine in detail the assumptions 
involved in deriving Equation (1): 

1. The reservoir is disk shaped, with its center at the 
well bore; its top, bottom, and outer radius are im- 
permeable. 

2. The permeability to gas throughout the reservoir 
is constant and independent of pressure. 

3. The only flowing phase is a gas of constant 
composition. 

4. The density of this gas is directly proportional to 
the pressure (Boyle’s Law). 

5. The flow obeys Darcy’s Law, i.e., is in the viscous 
range. 

6. The viscosity of the gas is constant. 

7. Gravitational forces are negligible. 

It is necessary to examine these assumptions in greater 
detail to evaluate their influence on the subsequent 
solutions to the equation. First, it is apparent that no 
reservoir will have the exact geometric shape of a 
disk with a well at its center, as required by the first 
assumption. However, it is customary to assume that 
the performance of a single well in a field developed 
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in a square or staggered pattern will satisfy this con- 
dition approximately. This assumption is considered 
reasonable, since Muskat* has demonstrated for the 
liquid case that the radial-flow type formula will give 
the flow capacity of a well even if the external boundary 
is no longer circular but has a radically different 
geometry. 

The second assumption, which deals with gas per- 
meability, is again an idealization. It is known that core 
samples show a variation in permeability to gas with 
pressure (particularly at low pressures) which is usually 
described as “gas slip.” This effect is probably negli- 
gible because of the high pressures which are generally 
associated with gas reservoirs. 

A free gas field, or a “condensate” field producing at a 
very high gas-oil ratio should satisfy the third re- 
quirement. 

In the fourth assumption, many important cases exist 
where deviations from Boyle’s Law are not large. When 
these deviations are severe, the entire problem must be 
re-examined in order to make appropriate corrections 
to the calculations based on PVT measurements. Dis- 
cussion of the methods for considering such corrections 
is beyond the scope of this paper. 

Assumptions 5, 6, and 7 may be relaxed sufficiently 
to handle many cases which would be encountered in 
the field. However, there are some cases where varia- 
tions in gas viscosity are of sufficient magnitude that 
they require independent consideration. 


METHODS OF CALCULATION 


All the calculations of pressures and rates shown 
in this paper are the results of solving the differential 
Equation (1) for radial gas flow. These calculations 
were made using numerical solutions available from 
two different sources in the literature.** In both cases, 
these solutions were found by calculating the changes in 
pressure at a series of radially spaced points in the 
reservoir after some interval of time, and repeating 
this process by means of IBM electronic punch card 
calculating machines to obtain the complete curves. 

Prior to making the actual step-by-step calculations of 
the pressure change it is necessary to reduce the differen- 
tial equation to an appropriate difference equation and 
this difference equation in turn is solved by the numeri- 
cal method. It is not within the scope of this paper 
to discuss the various difference equations that may be 
used to represent Equation (1) since at least two such 


*See page 200 of Ref. 5 
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techniques are described elsewhere.** The present writers 
made use of a simple device, called the “steady-state 
core,” which reduces the amount of machine time 
required to obtain numerical solutions by means of 
the punch card equipment. 


THE STEADY-STATE CORE* 


The first gas withdrawn from a well originates very 
close to the well. As the reservoir is further depleted, 
the area from which the gas is being removed has an 
increasingly larger outer radius. A short time after 
production of the well begins, the area of the reservoir 
close to the well is essentially under steady-state condi- 
tions. Therefore, the steady-state radial flow formula 
can be used to relate the pressure drop in this region 
to the production rate, and the difference equation need 
not be applied here. This gives a new and larger, 
“ficticious,” well radius to use in the difference equation 
to determine the size of the time steps. 


The writers used this concept of steady-state cores 
in performing the calculations described in Ref. 2. Cal- 
culations using the actual well radius were made to 
overlap those using the steady-state cores, and the 
differences were found to be negligible. 

The writers believe that this steady-state core prin- 
ciple can be applied to many other physical problems 
involving transient flow to or from a well. It is not 
yet known what factors may limit the application of 
this method. 


THE CONSTANT-RATE PROBLEM 


A problem of practical importance to the reservoir 
engineer is illustrated in Fig. | which shows a well 
passing through the center of a sand body of uniform 
thickness and circular cross section containing gas at 
a uniform pressure P,. The top, bottom, and outer 
boundary of this sand are impervious to the gas, which 
can escape only through the well. At time, t = O, with- 
drawal of gas through this well is begun and maintained 
thereafter at a constant rate, Q, as measured at standard 
conditions. 

The problem then is to determine the pressure 
distributions in the reservoir at some later time, f >O, 
with particular emphasis placed on determining the 
pressure at the well bore at any time. This type prob- 
lem has been solved for various dimensionless flow 
rates and for various ratios of reservoir radius to 


P r 
well radius, -——, 


ow 


by means of the punch card ma- 


chines with the use of the steady-state core.* This is, 
of course, a transient phenomenon, and the proper 
equation for expressing the pressure distribution at any 
time is the original differential equation, (1). However, 
it is possible to express a relationship between the flow 
rate, Q, and the well pressure, P,,, by the use of a very 
simple concept called the effective drainage radius. 


EFFECTIVE DRAINAGE RADIUS 


The well known steady-state formula for radial gas 
flow may be written as 


in § £2 — "KAP." PV P.\ (2 
tr) OP.u (=) Ga |. si 


*This idea was first brought to the writers’ attention by Prof. S. P. 
Frankel of the California Institute of Technology. 
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It is desired to interpret the above Equation (2) so that 
it will always represent properly the flowing well pres- 
sure, P,, and the production rate, Q, for the entire 
time history of the depletion problem. In other words, 
the steady-state Equation (2) is forced to represent the 
transient relationship between P, and Q by proper 
definition of the remaining terms P, and r, in Equation 
(2). 

Let P, represent the bulk average pressure in the 
reservoir at any instant of time. The average pressure, 
P,, is defined to be the pressure which would be found 
if flow at the well were stopped and the pressure 
in the reservoir allowed to equalize. This definition is 
particularly useful because this pressure value can be 
evaluated by at least three different methods as listed 
below: 

1. By taking a weighted average of the pressure 
distribution at any instant of time. These pressures are 
available from the IBM results. 

2. By shutting in the well and allowing the well 
pressure to build up to its stabilized value. 

3. By solving the material balance equation for the 
total reservoir fluid to determine P,. In this case 
P, =P, (1—Q®), where Q and ® are dimensionless 
quantities defined in the symbols list. 

The advantage of such a definition of P, is the pos- 
sibility of using method 2 or 3 under actual field con- 
ditions, or employing the customary field data. 

The remaining term that has not yet been defined is 
the effective drainage radius, r,, which must be allowed 
to take on any value required to force the steady-state 
Equation (2) to represent the transient solution. 

It is instructive to make some plots to determine how 
the effective drainage radius, r,, will vary with time. 
Such plots are shown in Figs. 2, and 3. Fig. 2 is a 
plot of the drainage ratio, r4/r., versus dimensionless 
time, 7*. This plot emphasizes the condition that, 
initially, the effective drainage radius, r,, starts out near 
the well bore and advances radially outward as the 
flow continues. Furthermore, the effective drainage 
radius is independent of the outer boundary (or reser- 
voir radius, r, during the initial transients. 

During the leter life of the reservoir, the situation 
is reversed and the drainage radius is independent of 
the well radius, but depends entirely on the outer reser- 
voir radius, r,, as is shown clearly in Fig. 3, which is a 
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Fic. 3 — DRAINAGE Rapius AS A FUNCTION OF TIME. 


*The symbol 7 is a dimensionless time defined in terms of the well 
radius, whereas @ is another dimensionless Lime defined in terms of 
the outer radius, r. Both symbols are used depending upon whether 
it is desirable to describe the time parameter in terms of the inner 
or outer radius. 
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DRAINAGE RaApIUS VERSUS TIME 
FOR VARIOUS RATES. 
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plot of the ratio, r4/r,, versus dimensionless time, 7. 
Plots are given for different ratios of outer to inner 
boundaries, r,/r., of 128, 256, 512, and 1,024, and it 
is seen that in all cases the effective drainage radius 
builds up to a value of approximately one-half the reser- 
voir radius, r,. Thus, we see different curves at the early 
time period which all build up to the same stabilized 
value of r4/r,. 

The curves of Figs. 2 and 3 were determined originally 
from the computational results of Ref. 2 for two dif- 
ferent production rates. Actually, the original results 
were determined for a ratio of outer to inner boundary, 
r,/f., Of 1,024 and the other curves of Fig. 2 or 3 were 
then calculated by proper relocation of the steady- 
state core. 

The paper by Bruce, Peaceman, Rachford, and Rice’ 
contains extensive data that applies to the same problem 
reported in this paper so it is possible to correlate their 
results in terms of the effective-drainage-radius concept 
defined in Equation (2). 

The results from Ref. 4 and Ref. 2 are plotted in 
terms of the drainage radius ratio, /n r,/r,, versus the 


. ; 5 fe & “te 
dimensionless time, 27 ( ). or, ©, as indicated 
r, 


in Fig. 4. The plotted points represent numerical solu- 
tions of Equation (1) for a reservoir radius ratio 
r,/T» = 200. The legend of Fig. 4 shows that data 
from Ref. 4 are plotted for seven different dimension- 
less rates, Q, covering the range from the minimum of 
0.005 to the maximum value of 0.5. The striking feature 
of this comparison is that all the points approximately 
fall on a smooth curve for a 100-fold change in rates 
over the enormous time range of © from 10° to 10°. 
Furthermore, this takes on even more significance when 
it is realized that the solid line in Fig. 4 represents 
the solution for transient liquid flow. This can be deter- 
mined directly from the P,,) functions tabulated in 


Ref. 7 or from the basic solution described in Ref. 3. 
The mathematical formulation of the effective drainage 
radius for the liquid system is given in the appendix 
of this paper. Examination of Fig. 4 shows that the 
comparison between the results of two separate research 
groups using completely different computing methods 
is quite good. Significant factors necessary to a proper 
understanding of Fig 4 are summarized below: 

1. The plotted points of Fig. 4 (which are obtained 
from numerical solutions of gas flow for various rates) 
almost coincide with the solid line which in turn repre- 
sents the solution for transient liquid flow in a radial 
system. 


26 


P lr 
2. The quantity, /n ( “). represents a type of cor- 
rn 


relation function that correlates well pressure, P,, and 
time, ®, for both transient gas flow and transient liquid 
flow for all constant rate cases studied up to a maxi- 
mum gas rate, Q, of at least 0.5. It appears that this 
correlation is reasonably good over the entire time 


range for -- = 200, and that a similar correla- 
tion can be made for any other reservoir radii where 
r, is much larger than r,. 

3. The effective drainage radius stabilizes at approxi- 
mately one-half the outer radius after only a small per- 
centage of fluid in place has been removed. As shown 
in the appendix a more accurate stabilized value for the 
liquid case is 0.472r, and it is, therefore, suggested 
that this value be used in numerical calculations for gas 
flow as well as liquid flow. It should be observed that 
for very high production rates the well pressure 
will decline to zero prior to stabilization of the effective 
drainage radius. 

4. Equation (2) can be used to make a good predic- 
tion of the well pressure in gas systems for any specified 
production rate, Q, less than 0.5 and for any value of 
outer radius of the reservoir large compared with the 
well radius and for any time, 9. 

5. The correlation function of Fig. 4 offers a means 
for estimating the gross permeability-to-porosity ratio 
of a gas reservoir in a manner similar to that used 
for liquid systems. 

6. Equation (2) does not represent a unique solution 
to the differential Equation (1). It is merely a correla- 
tion function that is useful only for a limited range of 
production rates, QO. A careful examination of the data 
reveals that there is a systematic deviation in this cor- 
relation function for increasing values of Q. For instance, 

r 


the quantity, /n (=). for Q = 0.5 differs from the quan- 
tity for Q@ = 0.005 by 1.8 per cent where 6 = 0.008. 
Similar deviations occur at other values of 6. These 
deviations, although present in the data plotted in Fig. 4, 
are so small as to be generally unobservable because of 
the chosen method of plotting. It is anticipated that 
increasingly larger deviations would occur for larger 
values of Q. Conversely, the correlation function ap- 
proaches the liquid curve in the timit as the gas rate 
approaches zero. 

7. The dimensicnless rate, Q = °0.5, which is the 
largest gas rate shown in Fig. 4, represents an actual 
production rate of almost | million standard cu ft/day/ft 
of sand using the reasonable values for initial pressure, 
permeability, and gas viscosity of 1,000 psi, 100 md, 
and 0.017 cp, respectively. Also, this rate is so large 
that only about | per cent of the fluid in place can be 
recovered before the well pressure becomes zero. 


WELL PRESSURE CALCULATIONS FOR 
STABILIZED FLOW 


The use of Equation (2) for calculating the well 
pressure becomes very simple for values of © larger 
than approximately 0.3, since the effective drainage 
radius becomes stabilized at approximately 0.472r,. 
Then, Equation (2) reduces to 
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Fic. 5 —— WELL PRESSURE VERSUS TIME FOR 
Various RATES. 


i 
P./P,=1(1 _ ge) 2 In (0.472 )| ~~ 
where the (P,/P,,) term in Equation (2) is replaced 
by (1 — Q@) from material balance considerations. Solu- 
tions of Equation (3) are illustrated as solid lines in 
Fig. 5 for dimensionless rates, Q, of 0.005, 0.01, 0.05, 
and 0.1 where the outer boundary is 200r,. The plotted 
points in Fig. 5 are taken from the results of Ref. 4, 
and it is demonstrated that solid line solutions of Equa- 
tion (3) agree very well with the calculated data points. 


It is worthwhile to mention that similar sets of 
curves can be prepared for the constant-pressure case 
but such data are not presented in this paper. However, 
it was found that the effective drainage radius builds 
up to a stabilized value for the constant-pressure cases 
as well as for the constant-rate cases. 


APPENDIX 


EFFECTIVE DRAINAGE RADIUS FOR LIQUID SYSTEMS 
The definition of effective drainage radius for a 
liquid system is 


ra 2rKh 
1 — i= — | i? a | 
n ( = ) Ou [ | 


and the average pressure, P,, is defined in terms of the 
material balance condition and reduces to a very simple 
form for constant production rate. 
My T 
a 
mre hK 
where the dimensionless time 7, is analogous to the 
t for gas flow. However, the 7 for liquid flow is usually 
expressed in the following form.*"’ 


Kt 


Berrie (6) 
our, B 


T= 
Using the definition of Equation (6), Equation (5) is 
valid only if r, is much larger than r,. Eliminating P, 
between Equations (4) and (5) leads to 


2eKI : 
n( 2) = Se. Py 2 - (7) 
Ve Qu 


Analytical solutions for such liquid systems are avail- 
able in the literature’’’ in terms of the quantity, 
2rKh(P. —P..) 

Qu 


the “cumulative pressure drop for a unit rate of pro- 


, which Hurst and Van Everdigen’ call 
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duction at the well.” The symbol P;,) is used to repre- 
sent this quantity. Equation (7) may now be written 
in terms of this P;(,) function 


in (2 )= Py 2(), 2 Sc «< SF 
Vs ry 


r 


re 


The function, in ( -) , is now completely defined in 


F : , r 
terms of the known P;(,) function so in( ‘) can be 
Ve 
evaluated for any value of 7 for a specified outer boun- 
dary simply by first evaluating P;,) according to the 
details given in Ref. 7. Such a plot is shown as the 
. . . . rs 
solid line in Fig. 4 where 8 = 27 (: 
lr, 
It is instructive to determine the stabilized value 
, r ‘ , : 
of In ( ‘) for large values of + for a case where 
rw 


(r,,r.)° is much larger than unity. The P(,) function 


becomes 


™ =) 3 , 
r=‘ )+2(=) ee +in(Z ). 
r r Ve 


and In ( “) becomes 


a 


ra P. 3 
l - eo ~ eo a ee 
n (“) n(Z) 4 (10) 


where the (r,/r,)* term is considered to be negligible. 
The ratio r,/r, can be evaluated because 


la 3 
1 5 fae ee eee 
n() 4 (11) 


ra ‘ 
( Je" =0a72 | be a ee 
fs 


Another interesting condition is that the func- 


, r ’ 
tion, /n ( -). is almost equal to the P,,) func- 


tion for the initial transient where © is extremely small 
and P, is almost equal to P.,,. 
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SYMBOLS LIST 
= formation thickness, cm 
permeability, darcys 
= pressure within reservoir, atm 
bulk average pressure in reservoir, atm 
initial pressure in reservoir, atm 


pressure at standard conditions, atm 





function defined in Ref. 7 


well pressure, atm 


production rate into well, standard cc per sec 


20P.u 
eP2Kh 
radial distance from center of well, cm 


or dimensionless flow rate 


effective drainage radius, cm 


= reservoir radius (outer boundary), cm 


well radius, cm 


time, sec 


= liquid compressibility, atm ' 


viscosity, Cp 


= porosity, fraction 


KP.t ' : 
-or dimensionless time parameter for gas 
our, 
Kt 

our, B 

liquid 


or dimensionless time parameter for 
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RESISTIVITY LOGGING in THIN BEDS 


LEENDERT DE WITTE 


ABSTRACT 


Conventional resistivity logs consisting of a short 
normal, a long normal, and one or more long lateral 
curves do not give data that allow a complete quan- 
titative interpretation in beds thinner than 20 ft. Reser- 
voir rocks usually exhibit zones of continuous homo- 
geneity of quite limited thickness where the long lateral 
curves become useless because of adjacent bed effects 
and boundary phenomena. If the beds are 12 ft or 
thicker, the short and long normals may be used for 
qualitative interpretation, which can be streamlined by 
the application of simplified departure curves. For beds 
of a thickness less than twice the long normal spacing, 
this procedure breaks down. 

The combination of the limestone curve, the later- 
olog or guard electrode log, and the microlaterolog 
permit quantitative interpretation for beds that are at 
least 10 ft thick, provided the mud resistivity and the 
hole diameter are known with sufficient accuracy. 

For beds thinner than 10 ft, combinations of the 
microlaterolog with short spaced laterologs and pseudo 
laterologs appear to be promising. Interpretation of these 
curves again requires the application of simplified de- 
parture curves. Resolution of various possible combina- 
tions was analyzed using departure curve data calculated 
on the Whirlwind I computer at the Massachusetts 
Institute of Technology. . 

A field example is shown using the microlaterolog- 
microlog combination, and the combination of a 6-in. 
modified laterolog plus a 6-in. pseudo laterolog. 


INTRODUCTION 


For the purpose of quantitative interpretation of 
resistivity logs in porous formations, we want to obtain 
two essential quantities from the logs, namely, the true 
resistivity of the undisturbed formation, R,, and the 
resistivity of the part of the formation invaded by mud 
filtrate, R,. The apparent resistivities of all conventional 
logging devices are functions of these two parameters 
and are also influenced by a third unknown parameter, 
the diameter of the invaded zone, d,. 


‘References given at end of paper. 
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It has been shown’ that from the normal curves alone 
it is impossible to arrive at a unique solution for the 
three unknowns, R,, R,, and d,. In very thick homogen- 
eous beds, if invasion is not too deep, we can obtain 
a fair approximation to R, from the long lateral curves 
and then use the two normal curves to find R, and d,. 
Even under the most favorable conditions, the resolution 
of this system is not very good. The short normal does 
not give a reasonable approximation to R, unless in- 
vasion is very deep (d,>16 hole diameters). For very 
deep invasion, however, the long laterals no longer 
approximate R,. 

For bed thickness between 20 and 40 ft, the long 
laterals are affected appreciably by the adjacent beds: 
and the curves are distorted by boundary anomalies 
to the extent that they lose their quantitative usefulness 
in most cases. For the same bed thicknesses, the normal 
curves still function reasonably well. 

Although it is impossible to find unique solutions 
for R, and R, using the normal curves alone, we can 
obtain a reasonable approximation for the ratio R,/R, 
through the use of simplified departure curves. This fact 
was brought to our attention by A. J. de Witte, geologist 
with Continental Oil Co. As the magnitude of R,/R, 
is a major clue to the presence of oil in formations, this 
method can be used to good advantage for qualitative 
analysis and will be discussed in somewhat greater detail. 

With the aid of suitable bed thickness corrections, 
the analysis of the normal curves may be used for bed 
thicknesses larger than 12 ft. For thinner beds, the 
method rapidly loses its resolution; and we have to 
resort to different types of resistivity logs if we want 
to attempt to analyze the curves quantitatively. 

The inadequacy of conventional resistivity curves in 
thin beds is far more serious than generally realized. 
Fig. 1 shows a conventional E. S. with a 16-in. and 64- 
in. normal and a 16-ft lateral through a section of 
Lansing-Kansas City lime, in comparison to a guard 
electrode survey through the same section in a neigh- 
boring well. The porous zones, which show up as low 
resistivity breaks on the guard electrode log, are com- 
pletely masked by adjacent bed effects and boundary 
anomalies on the conventional curves. Even the short 
normal shows most of the porous zones only as vague 
deflections and in many cases fails to register their 
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Fic. | — A CONVENTIONAL ELECTRIC LOG SURVEY 
THROUGH A SECTION OF LANSING-KANSAS CITY LIME. 


AND A GUARD ELECTRODE LOG THROUGH THE 
SAME SECTION. 
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Fic. 2— SIMPLIFIED DEPARTURE CURVES — 16-IN. 
AND 64-IN. NORMAL DEVICES. 
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Fic. 3 — SIMPLIFIED DEPARTURE CURVES — 16-IN. 
AND 64-IN. NORMAL DEVICES. 


presence completely. It is obviously out of the question 
to make a quantitative analysis for the porous produc- 
ing horizons from the conventional curves in cases 
like this. 


SIMPLIFIED DEPARTURE CURVES 
FOR THE NORMAL DEVICES 

As stated before, the normal curves cannot give 
unique solutions for R,, R,, and d,. If, however, we 
assume a certain value of d,, then two normal apparent 
resistivities suffice to determine R, and R,. These de- 
terminations are most easily carried out with the help 
of simplified departure curves of the type shown in 
Figs. 2 and 3. Each graph is made up for a certain hole 
diameter and a given value of d,/d,. After measuring 
the apparent resistivities for the 16-in. normal and 
64-in. normal from the logs, we find a value for R,/R,, 
and R,/R,, from each chart corresponding to each 
assumed value of d,/d, (where d, is the hole diameter). 

Fig. 4 shows a conventional E. S. through the Sussex 
sand in a well in the Meadow Creek field, Wyo. We 
notice that the long lateral curve is distorted while 
the normals appear to give reliable deflections, espe- 
cially in the center portion of the bed (3,550-67). 

The mud resistivity, R,,,, at formation temperature is 
2.0 ohmmeters. The hole diameter is 9 in. The apparent 
resistivities of the 16-in. normal and the 64-in. normal 
are respectively: (R,)16 = 282m; (R,)64 = 18.5Qm. 
This gives (R,)16/R,, = 14 and (R,)64/R,, = 9.25. 

For simplified departure curves as shown in Figs. 2 
and 3, we obtain the following possible answers: 


d,/d, R,/R, R./R.. R,/R, 
12 15.5 3.7 4.19 
18.0 6.0 3.00 

5 26.0 6.2 4.2 


The ratio of R,/R, is indicative of the fluid content 
of the formation. Various methods have been described 
to calculate the water saturation from this ratio.” 

Continental Oil Co. at present uses a set of nomo- 
graphs based on analysis of the SP curve and on the 
equations 20 and 22 given in Ref. 3. The value of the 
SP curve for the sand under analysis is 34 mv. The 
connate water resistivity for the Sussex sand is 0.3m 
at formation temperature. This gives a K. factor of 
41.3 in the equation SP = K, log Ryu-/R..* Corrected 
to 77°F., the K factor becomes K-,, = 40.3. 

Using the nomograph for K,, = 40 shown in Fig. 5, 
we find the following values for the water saturation S, : 


R/R, S. 


4.19 100 per cent 
3.0 70 per cent 
4.2 100 per cent 


The above S, values, obtained for assumed d,/d 
ratios ranging from 2.5 to 12, show that in all prob- 
ability the sand contains only water. Although by this 
procedure, we do not arrive at a unique quantitat' ° 
answer, the qualitative distinction between oil and water 
bearing formations can be made in most cases, where 
the beds are thick and homogeneous enough for the 
normal curves to give reliable deflections. 


*The coefficient K, used in this equation is equal to the product 
x K in the Schlumberger terminology where K is the SP coefficient 
for a clean sand and « is the ratio of pseudo static SP of a shaly 
sand to the static SP of a clean sand (for the same values of 
R and R_ ). 
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A similar procedure of interpretation using simplified 
departure curves could be worked out for other con- 
ventional curves, say a short normal and one long 
lateral. In most cases this would require correcting the 
long laterals for bed thickness effects as may be done 
by the use of the maximum-minimum formulae.‘ These 
corrections, however, all neglect the influence of the 
drill hole and of invasion; and they are, therefore, not 
very accurate. In view of the much larger number of 
lateral spacings in use than the number of standard 
normal spacings, it is far more practical to use a 
simplified departure curve system for the normals in 
areas where two normal curves are run. 


DETERMINATION OF INVADED ZONE 
RESISTIVITY FROM THE MICROLATEROLOG 


A more direct approach to the determination of R, 
and R, in thin sands can be made by measuring the 
invaded zone resistivity directly with a microlaterolog. 

To find R, the reading of the microlaterolog has to 
be corrected somewhat to take the presence of mudcake 
into account. To do this, one or two microlog curves 
are used and mudcake corrections are made with the 
aid of suitable departure curves.° 

The determination of R, from the microlaterolog 
assumes that the invaded zone has a fairly constant 
resistivity from the boreface out to its diffuse contact 
with the undisturbed formation. Evidence in support 
of this assumption has been given by experimental work 
on resistivity distributions in invaded zones of porous 
formations.° 

Fig. 6 shows a microlaterolog and conventional micro- 
log through the Shannon sand in the West Sussex field, 
Johnson County, Wyo. In the section from 2,773-2,776, 
the microlaterolog apparent resistivity is approximately 
15 ohmmeters. Both the microinverse and the micro- 
normal curves read 9.2 ohmmeters. The values of R,, 
and R,,. were measured as 1.6 and 1.79 ohmmeters 
(corrected to formation temperature). This gives 
RR, A<a./R.. = 5.95. R.-m./R.. = 5.15; and 
Ruit/Rme = 8.4. This gives for the mudcake thickness 
(MCT) = .12 in. Using Ruii./Rn. = 8.4 and MCT 
= .12 in., we find from the departure curves for the 
9/16-9/16-9/16 microlaterolog, that R,/R,,. = 9.5 or 
R, = 17 Q.. 


THE LATEROLOG-LIMESTONE CURVE 
COMBINATION 


If R, is determined from the microlaterolog, we have 
two remaining unknowns, namely, the extent of invasion 
(described by the invasion diameter d,) and the true 
resistivity R,. Theoretically any two additional apparent 
resistivity readings which are not influenced by adjacent 
bed effects or distorted by boundary phenomena, should 
give us sufficient information to solve for d, and R,. 
A further criterion is that the current patterns of the two 
devices are sufficiently different so that the registered 
apparent resistivities are related to the unknown quanti- 
ties by dissimilar (and therefore independent) equations. 

For beds thicker than 10 ft the combination of the 
laterolog’ and the limestone device fulfills in most cases 
the above conditions. 

The solution of the two simultaneous equations given 
by the relations between the laterolog and limestone 
curve apparent resistivities and d, and R, can be repre- 
sented graphically by simplified departure curves. The 
departure curve charts can be made up for given values 
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4— A CONVENTIONAL ELECTRIC SURVEY, SUSSEX 
SAND, MEADOW CREEK FIELD, Wyo. 














Fic. 5 — NOMOGRAPH FOR SATURATION CALCULATIONS. 
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Fic. 6 — MICROLATEROLOG AND CONVENTIONAL 
LOG, SHANNON SAND, WEST SuSSEX FIELD, Wyo. 
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Fic. 7 16-IN. LATEROLOG — 7-IN. AND 37-IN. 
LIMESTONE CURVE, SHANNON SAND, WEST 
Sussex FIELD, Wyo. 


of R,, R,,. The abscissa carries the ratio of the laterolog 
apparent resistivity to R,, (R,,/R,,), while the ordinate 
carries the ratio of the limestone curve apparent resistiv- 
ity to the mud resistivity (R,./R,,). The departure 
curves are plotted as two families of curves: one set 
representing constant values of R,/R,,, while the other 
set represents given values of d,/d.,. 

In this form the charts are completely direct reading: 
a set of values of R,,/R,, and R,./R,, obtained from 
the logs, determines the position of a point on the 
departure curve chart. By visual interpolation, we easily 
obtain the values of R,/R,, and d,/d,, corresponding to 
this point. 

Fig. 7 is a copy of a 16-in. laterolog-7 and a 37-in. 
limestone curve through the same section of Shannon 
sand that was shown in Fig. 6. 

We shall apply a simplified departure curve analysis 
to the same zone for which R, was found from the 
microlaterolog (2,772-76). Although the readings are 
taken in this 3-ft zone, the immediately adjacent beds 
have resistivities that differ by a sufficiently small 
amount, so that for practical purposes adjacent bed 
effects can be neglected. 

The laterolog apparent resistivity in this zone is 
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LATEROLOG LIMESTONE CURVE COMBINATION. 
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approximately 272m while R,, = 28.52m. The mud 
resistivity at formation temperature is 1.62m. This gives 
R,,/R, = 16.9 and R,./R,, = 17.8. The foregoing 
microlaterolog and analysis gave R, = 172m or R,/R,, 
= 10.6. 

We select a departure curve chart for R,/R,, = 10 
for a close enough approximation. The chart is shown 
in Fig. 8. Using the R,,/R,, and R,./R,, values gives 
R./R, = 23. 

The resulting ratio R,/R, is .46. Using this value 
we can make a nomograph interpretation of the oil 
saturation of the sand if the water resistivity and fhe 
K,, value are known. 

This example illustrates the feasibility of the lime- 
stone curve —laterolog method in beds of medium 
thickness. For beds thinner than 10 ft with adjacent 
beds of strongly contrasting resistivities, the limestone 
curve can no longer be relied upon. 

Other drawbacks are the fact that the limestone 
curve deflection is quite sensitive to hole diameter varia- 


tions and rapidly loses resolution in beds of high resis- 
tivity because of its well known ceiling effect. When 
using the limestone curve-laterolog system, the hole size 
must be close to bit size or a caliper survey must be 
run. In beds where R,/R,,>100, the ceiling effect of 
the limestone curve causes the resolution of the lime- 
stone curve — laterolog interpretation to disappear. 


MODIFIED LATEROLOGS 


The limestone curve-laterolog combination is a some- 
what unbalanced system, as its applicability is limited 
in all cases by the limestone curve (the laterolog has 
less adjacent bed effects, is fairly independent of hole 
diameter variations, and has no ceiling effect. 

It is logical, therefore, to look for a device with an 
intermediate radius of investigation but with other 
properties comparative to those of the laterolog to take 
the place of the limestone curve. 

The radius of investigation of a laterolog can be 
controlled by the extent of focusing of the central cur- 
rent sheet. It was shown by Doll’ that, if the ratio of 
the bucking current electrode spread to the monitoring 
electrodes spacing is equal to 2.5 the central current 
sheet has boundaries which are roughly perpendicular 
to the axis of the sonde. The above ratio is normally 
referred to as “spread-ratio.” If the spread-ratio is 
larger than 2.5, the boundaries of the central current 
sheet converge for some distance outward from the 
sonde. This makes the cross-section to current increase 
less rapidly with radial distance from the sonde than 
in the case of the current sheet with parallel boundaries 
and increases the radius of investigation. For spread 
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Fic. 10 — SIMPLIFIED DEFARTURE CURVE FOR 
LATEROLOGS OF DIFFERENT SPREAD RATIOS. 


ratios smaller than 2.5, the boundaries of the current 
sheet diverge and the radius of investigation is smaller 
than in the case of the current sheet with initially 
parallel boundaries. Fig. 9 shows schematically the cur- 
rent distributions for laterolog systems with different 
spread ratios. 

If we combine a laterolog with a spread ratio of 4.0 
or larger with another arrangement with spread ratio of 
2.0 or smaller, we might expect two detailed curves 
with essentially different current patterns from which 
d, and R, can be determined once R, has been found 
irom the microlaterolog. In regions of fairly low forma- 
tion, resistivities (< 20 times the mud resistivity) this 
is indeed possible. In formations of higher resistivity, 
the resolution of the method vanishes rapidly. This is 
due to the fact that at the boreface the current lines 
of the central current sheet refract towards the normal 
(to the boreface). The larger the contrast between the 
formation resistivity and the mud resistivity, the stronger 
the refraction towards the normal. This causes the 
boundaries of the current sheet after refraction to 
become essentially parallel, regardless of whether they 
started out diverging or converging. If the configura- 
tion of the current sheet within the formations becomes 
very similar for the two devices, then we cease to have 
two independent equations from which we can solve for 
d, and R,. 

The above behavior can be very weil illustrated with 
the use of simplified departure curves, Fig. 10 shows 
a departure curve chart for a combination of -a latero- 
log with spread-ratio of 1.4 and an arrangement with 
spread-ratio 4.0 for R,/R,, = 10. From the two latero- 
log measurements, R,/R,, can be determined with good 
accuracy in this case. Fig. 11 shows a chart for R,/R,, = 
120. We see that in this case no useful information 
at all regarding R,/R,, can be obtained from the combi- 
nation of two laterologs with different spread ratios. 


PSEUDO LATEROLOG LATEROLOG 
COMBINATIONS 


The problem that remains, is to find a combination 
of focused resistivity logs that have characteristically 
different current patterns in beds of relatively high 
resistivities. An important step in this direction was 
made by the introduction of Schlumberzer’s pseudo- 
laterolog. The pseudo-lateroleg has the same electrode 
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Fic. 11 — SIMPLIFIED DEPARTURE CURVE FOR 
LATEROLOGS OF DIFFERENT SPREAD RATIOS. 


arrangement (central current electrode, monitoring span 
and bucking current electrodes) as the laterolog, except 
that the return current electrodes have been moved 
close to the rest of the electrode assembly. The proxim- 
ity of the return current electrodes causes the bucking 
current to become ineffective at a short distance from 
the sonde. The focused current beam starts diverging at 
a relatively short distance beyond the boreface. Fig. 12 
shows the electrode assembly and approximate current 
patterns of a typical pesudo-laterolog. 

As a criterion of performance in high resistivity 
teds, we can use the resolution of the simplified de- 
parture curves for R,/R,, = 120. Fig. 13 shows the 
departure curves for the original Schlumberger pseudo- 
laterolog plotted versus the standard 16-in. laterolog 
for R,/R,, = 120. We notice that the resolution for 
the determination of R,/R,, is quite good where R, >R,. 
When R,< <R,, the resolution becomes definitely very 
small. Shown, also, on Fig. 13 is the electrode arrange- 
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Fic. 13 — SIMPLIFIED DEPARTURE CURVE FOR 
PROTOTYPE PSEUDO-LATEROLOG COMBINED 
WITH LATEROLOG. 


ment of the prototype pseudo-laterolog. One disadvan- 
tage of this arrangement is that the total spread of the 
central current after divergence covers a span of 96 
in. This means that in thin beds the current distribution 
will be distorted to a considerable extent by the effects 
of the adjacent beds. Particularly if we have a thin 
conductive bed, such as a porous zone in limestone, 
surrounded by dense beds of high resistivity, the dense 
adjacent beds will limit the divergence of the central 
current quite drastically. Under such conditions, the 
departure curves calculated for infinitely thick beds 
no longer apply. 

The best way to reduce the adjacent bed effects on 
the pseudo-laterolog is to make the spread and spacing 
as small as possible. After computations of typical 
departure curves for various spacings, spread ratios, and 
return current spreads, an experimental sonde was made 
combining a pseudo-laierolog with 6-in. spacing, a 
spread ratio of 2 and a return current spread of 28 
in., with a laterolog of 6-in. spacing a 28-in. spread 
(spread ratio 4.67). Fig. 14 shows the electrode arrange- 
ment for this combination. Although the number of 
field tests of this device to date has been quite small, 
it is believed that satisfactory results can be obtained 
with it in most cases where the horizons to be analyzed 
are more than 5 ft thick. 


FIELD EXAMPLE OF SHORT-SPACED PSEUDO 
LATEROLOG-LATEROLOG COMBINATION 


The system of short-spaced laterolog and pseudo- 
laterolog curves was tried out in a section of relatively 
thin-bedded sandstones and shales of the Canyon forma- 
tion in the West Flowers field, Stonewall County, Tex. 
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Fic. 14 — ELECTRODE ARRANGEMENT FOR MODIFIED 
PsEUDO-LATEROLOG AND LATEROLOG. 


SPONTANEOUS POTENTIAL 
mullivoits . 
16" NORMAL 


10 | 64" NORMAL 
“a 7 ‘ (8 6” LATERAL 




















CONVENTIONAL ELECTRIC LOG, CANYON 
FORMATION, STONEWALL COUNTY, TEX. 


Fig. 15 shows a conventional electrical log through 
the sections that were studied. 

Figs. 16 and 17 show the microlaterolog-microlog 
and the laterolog-pseudo laterolog combinations through 
the same sections. 

Invaded zone and true resistivities were determined 
for four zones. Assuming that the lower zone is 100 
per cent water saturated, approximate water satura- 
tions for the upper two zones were calculated from 
Archie’s formula. Table | gives the pertinent data of 
the analysis. 

Fig. 18 shows the simplified departure curves for 
R,/R,, = 30 which were used for the determination of 
the R,/R,, values. The effects of the drill hole on 
the apparent resistivities of the laterolog and pseudo- 
laterolog are small enough so that we can use the chart 
for R,/R,, = 30 for cases where R,/R,, is approxi- 
mately of that magnitude, after a proportional adjust- 
ment of the observed apparent resistivites. The adjust- 
ment is made by simply multiplying the observed 
apparent resistivities of the laterolog and pseudo-latero- 
log by the ratio of the R,/R,, value indicated on the 
chart (R,/R,, = 30) over the calculated R,/R,, value. 
For example, the apparent resistivity ratios R,,/R,, and 
Ry R,, for the zone at 4,231-4,237 listed in Table | 
were multiplied by 30/27.7, and the resulting R,/R,, is 
multiplied by 27.7/30. 

Departure curve charts are made up for the following 
R,/R,, values: 1, 5, 10, 20, 30, 50, 80, 120, 200, and 


TABLE 1 


R42" 
R, 


1 
1. 
2. 
1 


A F 9 5.2 1.8 

W : F 13.2 8.45 2.9 
8. ’ 13.8 10.3 3.5 

9 20.4 14.0 48 


are used respectively for the 
apporent resistivities of the microlaterolog, 6-in. laterolog, and 6-in. 
pseudo-laterolog. 


*The notations R., 
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Fic. 16 — MICROLATEROLOG-MICROLOG, CANYON 
FORMATION, STONEWALL COUNTY, TEX. 


500. The chart for the nearest R, R,, value to that 
calculated for a particular zone is selected, and the 
apparent resistivities are adjusted in the above manner 
for the determination of R,/R,,. Graphical interpola- 
tion is used to find the R,/R,, values corresponding to 
points falling between the curves on a particular chart. 

In Figs. 15 through 17, the zones at 4,353-58 and 
4,362-66 appear to be in the capillary transition zone 
at the oil-water contact and are expected to produce 
with a large water cut. The zone at 4,231-37 is prob- 
ably at the irreducible water saturation and should 
produce clean oil. 


CONCLUSIONS 


From the work done to date, it appears to be 
feasible to obtain fairly accurate values of invaded bone 
resistivities and true resistivities in thin bedded sand- 
stone formations by using a microlaterolog-microlog 
and _ short-spaced pseudo laterolog-laterolog combina- 
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Fic. 17 — PsEUDO-LATEROLOG AND LATEROLOG, 
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tion. The resolution of the method is greatest if R,>R,. 
If R,>>R,, the accuracy of the method becomes very 
poor. For thin bed logging, it appears, therefore, 
advisable to keep the resistivity of the drilling mud as 
low as possible. In regions of very saline connate water, 
the mud resistivity should be held at two to four times 
the resistivity of the connate water, which will still make 
it possible to register a useful SP curve on an amplified 
scale. In areas of fresh connate water, we can make 
the mud resistivity two to four times smaller than the 
connate water resistivity and reverse the polarity of the 
SP curve. 
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A STUDY of DISPLACEMENTS in MICROSCOPIC CAPILLARIES 


CHARLES C. TEMPLETON 
JUNIOR MEMBER AIME 


ABSTRACT 


Any explanation of the nature of multiphase fluid 
flow through porous media must ultimately involve a 
knowledge of the mechanism of such flow through the 
individual pores of the medium. To provide quantitative 
information of the latter type, a study was made of 
gas-liquid and liquid-liquid displacements in single uni- 
form Pyrex capillaries with diameters as small as 4 
microns. 


Quantitative observation of air-liquid displacements 
with zero contact angle indicates the adequacy of a 
model based on Poiseuille’s Law and the independence 
of capillary pressure and interfacial velocity. Conse- 
quently, this work discounts previous claims that flow 
is abnormally retarded in very small capillaries. 


For the displacement of a very viscous oil by water 
in a capillary initially filled with water, flow is faster 
than predicted by the above model. This behavior is 
probably due to the existence of a thin annular film 
of water between the oil column and the capillary wall 
as postulated by Yuster. 


INTRODUCTION 


The need for experimental observation of the micro- 
scopic nature of multiphase fluid flow, to further the 
understanding of the results of macroscopic flow inves- 
tigations, has been previously recognized. Chatenever 
and Calhoun’ in connection with the API Project 47B 
have extensively studied the flow of fluids through layers 
of glass or lucite spheres between glass or lucite plates. 
Lowman’ prepared an interesting film concerning flow 
in a single capillary, using an apparatus which made a 
moving interface appear stationary in the field of a 
microscope. 


The purpose of the present investigation was to deter- 


‘References given at end of paper. 

Manuscript received in the Petroleum Branch office July 31, 1953. 
Paper presented at the Petroleum Branch Fall Meeting in Dallas 
Oct. 19-21, 1953. 


PETROLEUM TRANSACTIONS, AIME 


SHELL DEVELOPMENT CO. 
HOUSTON, TEXAS 


804 


mine what contribution might be made to this field by 
comprehensive quantitative observation of gas-liquid 
and liquid-liquid displacements in single capillaries of 
uniform, very small diameter. The techniques used are 
similar to those of Lowman but incorporate improve- 
ments necessary for quantitative work. Quantitative 
observations must begin with fluids of simple chemical 
composition to provide a basis for analyzing the more 
complex behavior that may be expected with natural 
reservoir fluids. However, some qualitative observa- 
tions on systems involving crude oils are presented. 


Experiments of this sort involve the observation of 
the velocity of the interface separating two fluids, and 
have been performed in horizontal or vertical capillaries 
by several investigators.’***** The most general treat- 
ment of their mechanics, by Brittin,’ involves forces 
due to capillarity, viscous resistance, gravity, an “end- 
drag” effect, and the rate of change of momentum of 
the capillary contents. 

Since the range of pore diameters of interest in pe- 
troleum reservoirs is about 0.1 to 100 microns, it was 
desired to perform these experiments in the smallest 
capillaries possible, to ascertain whether capillary diam- 
eter had any effect on the existing theory based on data 
from larger capillaries.* It was also important to be 
able more systematically to vary the direction and rate 
of displacement than was done by previous investi- 
gators. Finally, to concentrate attention on viscous and 
capillary forces by eliminating gravity as a parameter, 
this study involves only horizontal capillaries. The work 
of Eley and Pepper’ with a “large” (0.766-mm diameter) 
horizontal capillary is the previous investigation which 
is most similar to the present method of quantitative 
observation. Here capillaries with diameters as small 
as 4 microns will be studied. 


*Even single-phase flow in very small capillaries has not been inves- 
tigated as extensively as one might imagine from the universal] 
acceptance of Poiseuille’s law. Bingham,” in reproducing Poiseuille’s 
data, indicates that only five measurements were made in capil- 
laries of about 13 microns diameter, and that the other capillaries 
had bores of 29 microns or greater. The most comprehensive study 
= that of Bulkley,"’ who used glass capillaries of about 11 microns 

iameter. 
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APPARATUS AND TECHNIQUES 


The general arrangement of the Leitz Ortholux 
microscope and its associated apparatus is sk2tched in 
Fig. 1. 

Fig. 2 illustrates the capiliary cell (Type 1): used 
in the first several months of the study. The lower 
stainless steel block at each end contains a fluid reser- 
voir and an inclined hole to receive the end of the 
capillary. Since the capillary is sealed to the block only 
at the external end of the hole, the fluid contacts glass 
and steel but no cementing material. The upper steel 
block receives a brass elbow which permits connec- 
tion to a pressure system employing Nullmatic reg- 
ulators. A pressure-tight seal is obtained by placing a 
rubber gasket between the two blocks and screwing 
them together. Only one block has pressure applied 
to it at any one time; the other is always at atmospheric 
pressure. Either mercury or oil manometers were used. 


About an hour is required for mounting a capillary 
in the cell. The end-blocks are cleaned with boiling 
ethanol and dried. A section of capillary (about 12 cm 
long) is cut; its length is measured with the aid of a 
stereoscopic microscope. A reference mark is placed on 
the capillary with fingernail polish, and its location 
measured with respect to the ends. This allows sub- 
sequent calibration of a Veeder-Root counter (geared to 
the stage-drive) in terms of capillary position for any 


given run. The capillary is inserted into both end-blocks, 
and is fastened down in a straight position on the bottom 
plate with small pieces of drafting tape. Dekhotinsky 
cement or paraffin is then used to make a dam around 
the capillary and to seai the capillary gas-tight into the 
end blocks. The pool surrounding the capillary is filed 
with immersion oil. 

With the Type I ceil, no provision was made for 
temperature control; the temperature of each displace- 
ment was read from a thermometer mounted on the 
mechanical stage. On the basis of some auxiliary 
measurements with a thermocouple, it was concluded 
that the true temperature of the capillary was known 
within + 0.1°C. 

During the later part of the study a new cell (Type 
Il) was used, in which the temperature could be main- 
tained at 30.00° + O.1°C. This ceil differs from the 
Type I cell only in having a hollow set of all-metal 
cell walls for the circulation of thermostated water. 

The capillaries were prepared from Pyrex glass by 
an apparatus developed in conjunction with this study. 
It employs a modification of the method of Shereshefsky' 
with the replacement of gas heating by electrical heat- 
ing. Capillaries are drawn immediately before mounting 
to keep them as clean as possible. Before drawing, the 
tubing stock is cleaned with acid-dichromate solution, 
rinsed with distilled water, baked dry, and sealed io 
permit storage. 

Diameters of capillaries are measured with a 12.5 
filar micrometer eyepiece. By taking the average of 
seven to 10 measurements, a length may be determined 
to + 0.1 u with a 22 oil-immersion objective. The 
use of immersion oil removes the necessity of applying 
corrections to these measurements." 


QUALITATIVE EXPERIMENTS 


The appearance of oil-water-Pyrex systems under 
the microscope depends on the refraction indexes in- 
volved. Air slugs are quite dark, water slugs somewhat 
lighter, and oil slugs are clear. Boundaries of oil against 
glass are practically invisible, but boundaries of water 
against glass are quite sharp. A water torus (doughnut) 
was observed to be a fairly stable configuration. 


It as established early that velocities of the order 
of 1 cm/min (46.2' ft/day), which exceed the range 
to be expected in a reservoir except perhaps near the 
well, do not in general lead to appreciable interfacial 
deformation in freshly prepared systems. In a 30-micron- 
diameter capillary, a water-air interface had the same 
geometry at rest and traveling at 3 cm/min as did a 
water-refined hydrocarbon fraction interface at rest 
and moving at 2 cm, min. In a latter part of this paper 
photographic measurements show that for fresh Pyrex- 
air-liquid systems in which the static contact angle is 
zero the static and dynamic angles are the same to 
within | per cent in cos 0. Photographic measurements 
on a Pyrex-air-methylene iodide system showed the 
range of hysteresis to be about 7 per cent of the cosine 
of the static angle (8° = 52°). 

Most of the air-liquid systems observed did not change 
their behavior very rapidly upon aging over a few days. 
However, the behavior of liquid-liquid systems tended 
to become considerably more complicated after aging. 
the situation being more involved for mixtures than 
for pure liquids. Thus, when alternate slugs of distilled 
water and a mixed “oil” (90 per cent kerosene, 10 per 
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cent «-monochloronapthalene) were set in motion, the 
advancing end of the water slug flattended in agree- 
ment with the conventional pattern of contact angle 
hysteresis.” 

Crude-oil samples from several fields were displaced 
with water. For each crude, a single crude-water inter- 
face was created in a 5-micron-diameter capillary, 
which had initially been filled with water. The inter- 
face was immediately displaced in each direction at 
about | cm/min. If the interface was initially stable, 
it was then maintained as nearly as possible at a fixed 
position in the capillary for about 3 hours, by continual 
adjustment of the applied pressure. The “aged” inter- 
face was then displaced in each direction at 1 cm, min. 
for another check on its stability. 

Some of the crude-oil-water systems examined 
showed a I5 to 20 per cent decrease in capillary 
pressure over a 3-hour period. When this occurred for 
a Benton field, Illinois crude which had been exposed 
to the atmosphere for 6 months, it was thought to 
indicate the presence of surface-active agents formed 
by oxidation. However, the decline also was observed 
for a fresh crude sample from the KMA field, Wichita 
County, Tex. 

As for interfacial instability, crude-water interfaces 
broke up during the initial displacements for fresh 
sample from the Luke field, Okla., and the Fox- 
Graham field, Okla. The Benton field, Ill., crude inter- 
face with water showed instability only after the 3-hour 
aging period. The crude-water interfaces for fresh 
samples from the Mercy field, Tex., and the KMA field, 
Tex., showed no appreciable instability during the 
entire test. Displacements at comparable velocities of 
water-oil interfaces for some pure hydrocarbons and 
some refined hydrocarbon mixtures, covering a_vis- 
cosity range from 0.6 to 12 cp, have not revealed 
interfacial instability. All the crudes had velocities within 
this range at the temperature of the observations. Thus, 
the effect appears to be more dependent upon the 
chemical nature of the fluids rather than upon their 
physical properties. 

The interfacial break-up always followed a character- 
istic pattern, which is illustrated in Fig. 3. It has been 
observed only when water displaces oil. As the water- 
oil interface begins to move, the center part of the 
interface tends to lag as in Fig. 3-b. Soon the wetting 
phase begins to advance along the wall on one or both 
sides, giving the situations shown in Fig. 3 (c, d, e). 
As soon as flow stops, the distorted interfacial region 
readjusts into slugs and tori. 

Fig. 4 describes an air displacement of Benton crude, 
followed by a water flood, which allows an estimate 
of the thickness of the oil film left on the wall during 
the displacement of the oil by air. An air slug sep- 


arated water and crude columns in a 36.7-micron- 
diameter capillary as indicated in Fig. 4-a. The capil- 
lary had been initially filled with water. Photographs 
of the water-air and air-oil interfaces at rest are shown, 
respectively, in Fig. 4 (b and c). During the initial 
entry of the oil there was no change in the appearance 
of the air-oil interface. 


However, when the direction of displacement was 
reversed, after a time the water-air interface changed 
into a combination of water-oil interface and an oil- 
air interface (Fig. 4-d). This apparently indicated that 
an oil film was leit behind the air-oil interface, and 
that this film was collected into an oil slug by the 
advancing water-air interface. (Because the capillary 
was initially filled with water, there probably was also 
a water film between the oil film and the wall.) After 
the air slug had traveled farther, the oil slug disinte- 
grated into the situation portrayed in Fig. 4-e. Here 
there is essentially a water-air interface with an oil 
“sack” attached to it. As displacement continued, addi- 
tional oil was apparently picked up from the wall, 
causing the oil “sack” to grow into the “sausage” 
shown in Fig. 4-f. From the distances traveled and the 
dimensions of the capillary, it was estimated that the 
thickness of the oil film was about 0.012 micron. The 
complex shape of the oil “sack” suggests rigid film 
formation, which has been observed at crude-oil-water 
interfaces with aging.” 


QUANTITATIVE OBSERVATION 
OF DISPLACEMENTS 


DEFINITIONS AND THEORY 


Consider a horizontal capillary of length / and of 
uniform radius r, containing a wetting-phase column 
(fluid 1) separated by a single interface from a non- 
wetting-phase column (fluid 2). The viscosities are 
uw, and uw.. x is the length of capillary occupied by wetting 
phase; /— x is occupied by the nonwetting phase. v = 
dx/dt is the velocity of the interface. 


P, is the pressure at the nonwetting phase end of the 
capillary minus that at the wetting phase end. P. is the 
capillary pressure. ?< , the static capillary pressure, is 
equal to the particular value of P, that maintains the 
interface stationary. © and 6° are the dynamic and 
static contact angles, respectively. 


From the fundamental equation of capillarity, 


Ja : 
27 cos 0 
P. = - c pih @ aera. Beer eae 
r 
where y is the interfacial tension for a liquid-liquid 
system, or the surface tension for an air-liquid system. 
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NOTE:---— INVISIBLE OIL-GLASS BOUNDARY 


Fic. 3 MECHANISM OF BREAK-UP OF A WATER-OlL 
INTERFACE DURING A WATER FLOob. 


Let a “boundary tension” be defined as 
r 
1 ~ WOR oe ew sa 


ior the expression of both static (7°) and dynamic (7) 
results. 

The following assumptions will be made for evaluat- 
ing the data: (1) Poiseuille flow, since the Reynolds 
numbers are low. (2) The fluids are incompressible. 
(3) Displacement is perfect at the interface. (4) Capil- 
lary hysteresis is absent; i.e., P. = P° , since in any 
of the systems to be studied, the static, advancing, and 
receding contact angles appeared to be identical to 
within 1 per cent in cos ©. From the above it may 
be shown that 

P P, = [8V/P7] ((Cicse — secre) X + Meere A. (3) 
where the subscripts distinguish effective viscosities 
determined from displacement data from the values 
determined in conventional viscometers («, and «,). 

P, is maintained constant during a_ disdlacement. 
Measurements are made of the times ¢ at which the 
interface passes certain positions x. When _ possible, 
photographs are made of the interface, both stationary 
and moving, for the measurement of © and 0°. Velocity 
values are calculated from the observed (x,1) data by 
the approximation of setting v = (x, — x,) /(t, — t,) at 
v = (x, + x,)/2. P® is measured with the interface 
at various points. The surface or interfacial tensions of 
the fluids are measured either by the pendent-drop 
apparatus or the duNouy tensiometer. 


All quantities in Equation (3) are known except Ayers 
and w..r,. Let 


G=(—)\ (P° -P,) (4) 
ees! 0 ua ene 


which is constant for a given displacement; ten 


off Mocee) X + preter * 


Hence a plot of Gv versus x should be linear, and 
“yore ANd w,,, Can be determined from the slope and in- 
tercept. When either viscosity gets much greater than the 
other, the smalicr effective viscosity is subject to a 
large propagated error in this graphical method. Thus 
for an air-liquid displacement the handbook value of air 
viscosity is substituted for uc, in Equation (3), and 
a value of , can be calculated numerically from each 
(x, f, Vv) point. 


Liguips Usep iN QUANTITATIVE EXPERIMENTS 


Distilled water was used in these displacements. The 
benzene (Baker) was C.P. grade, the n-cetane (Du 
Pont) was “practical” grade or better. Nujol (heavy 
mineral oil, U.S.P.) was sold by Stanco, Inc. Refined 
hydrocarbon “Cut No. 3” was a mixture of 65 per 
cent from a boiling range of 355°-405° and 35 per 
cent from a boiling range of 391°-477°C. 


RESULTS FOR AIR-LIQUID DISPLACEMENTS IN 
25 TO 35 MICRON INNER DIAMETER 
CAPILLARIES 


Table | presents typical data gathered from the 
application of these methods to displacements in Pyrex 
capillaries with inner diameters between 25 and 35 
microns. With water and two refined hydrocarbon 
fractions (Cut No. 3 and Nujol), the viscosities range 
from about | to 140 cp. Each capillary is assigned 
a number; each displacement in that capillary is des- 
ignated by adding a letter. 


TABLE 1— TYPICAL AIR-LIQUID DISPLACEMENTS; 25- TO 35-MICRON 
1.D. (TYPE Il CELL I= MARKED WITH ASTERISK; OTHERWISE TYPE | CELL 


A. Constants and Static Behavior 
Capillary Surface Tenson cos 4) 
Run Diameter 7 (From 
No cm dynes cm Photographs 


Water 


37A,8 28.65 « 10 | 71.82 ‘ 0.99 


Refined Hydrocarbon 
Cut No. 3 


36A,B,C 29.52 31.2 
*44A,B,C,D 29.98 30.76 
*45A,B,C,D 22.20 30.76 
Nujol 

*42A,B,C,D, 31.37 31.6 
*43A,B,C,D 31.64 31.15 
*46A,B,C,D 28.17 31.15 


Dynamic Behavior 

cos ¢) 
Run Temperature (p From u 
No. Photog:aphs) poise 
Water 
37A 25.90 051 . 00876 977 
378 25.85 050 .00877 1.124 


Refined Hydrocarbon Cut No. 3 


$388 
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Fic. 4— Air DisPLACEMENT OF BENTON CRUDE 
FOLLOWED BY WATER FLOOD WHICH COLLECTS 
Oi. FILM FROM WALL. 


In three-fourths of the air-liquid systems studied, P‘ 


along the capillary for each case was constant to within 
+ 1 per cent of the average value. For any run, P‘ 
has been taken as the average of the values at the ends 
of all the runs in the particular capillary. 


Part A of Table 1 summarizes the static behavior 
as value of T°/7; values of cos ®° obtained from en- 
larged photographs are given in the final column. The 
actual agreement may be judged from the fact that 
the average of the T°/y values is 0.992, while that of 
the actual cos 8° entries is 0.993. 


Part B of Table 1 describes the dynamic observations. 
The quantity (P° — P,)/P° seems to be the most 
convenient means for representing the magnitude of the 
forces and pressures involved. If P° = P., then this 
pressure ratio is equal to the ratio of visccus pressure 
(work) to capillary pressure (work). Further, the ratio 
is positive for a wetting-phase flood and negative for 
a nonwetting-phase flood. 

The first result to be noted is that the static and 
dynamic contact angles have been experimentally shown 
to be the same, and equal to zero, within a reasonable 
experimental error. This was the basis for assuming 
that P. = P* in the theoretical discussion, although 
this equality also requires that y be unchanged by 
interfacial motion. 


If the model adequately describes the experimental 
behavior, then 4,.r¢/u, is expected to be unity. Actually, 
the average of the u,.¢¢/u, values in Table 1 is 1.019. 
Although the extreme values are 0.944 and 1.124, the 
average deviation from the mean is only 0.038. A 
study of Table 1, Part B will show that there is no appar- 
ent systematic relation between u,,,,/u, and any of the 
following: 


PETROLEUM TRANSACTIONS, AIME 


1) the direction of displacement or sign of 
ae — P,) oe : 

2) the ratio of viscous pressure to capillary pressure 
[magnitude of (P° — P,)/P° }; 


3) the liquid viscosity; or 
4) the surface tension. 


Hence we may conclude that our model is adequate 
for describing air-liquid displacements, in capillaries of 
30 microns inner diameter, within a random error of 
about + 4 per cent. 


RESULTS FOR AIR-LIQUID DISPLACEMENTS IN 
3 TO 7 MICRON INNER DIAMETER 
CAPILLARIES 


Table 2 describes 12 runs in the Type II cell for three 
capillaries, with diameters between 6 and 7 microns 
with a refined hydrocarbon fraction of about 36 
cp viscosity. Here the 7T°/y values average 0.958; 
no direct photographic measurement of cos ®° was 
feasible in capillaries this small. The 4,.1¢/#, values aver- 
age 1.007, with an average deviation from the mean 
of 0.065. This average dynamic behavior is very close 
to what was theoretically expected. 


The present techniques were also applied to five 
other liquids in capillaries whose diameters were be- 
tween 3 and 7 microns in the Type I cell. The vis- 
cosities of these liquids ranged from 0.6 to 160 
cp. A total of 26 air-liquid displacements in nine 
different capillaries was observed. For these data, 7° /> 
averaged 0.957, while the average of .1¢/u, was 0.930. 
Even though 4,.r¢/“, Was somewhat lower than expected 
(these measurements were made in the beginning of the 
study when the techniques may not have been fully 
developed), these data nonetheless demonstrated the lack 
of any systematic relation between 4,..¢/ “4, and (P ° — P,) 

P° , , Or ¥ in these smaller capillaries. For later 
comparison with water-Nujol results, it should be stated 
that four air-Nujol displacements in two capillaries 
(with diameters of 4.99 and 5.52 microns, respectively ) 
gave an average Myre /u, Of 0.935 + 0.009. 


Bulkley” investigated the flow of several liquids in 
glass capillaries of about 11 microns inner diameter. 


TABLE 2—AIR-OIL DISPLACEMENTS, 6- to 7-MICRON 1.D., TYPE |! 
CELL. OIL IS “REFINED HYDROCARBON CUT NO. 3.” 


A. Constants and Static Behavior 


Capillary Surface Tension 


Run Diameter 
No. cm 


A“ 


Y 
dynes /cm 


47A,B,C,D 6.177 x 10 * 30.76 
49A,C,D,F 6.370 30.76 
50A,B,C,D 6.604 30.76 


B. Dynamic Behavior (All runs at 30.00°C; M, 0.3642 poise) 


Run (Po —P )/P‘ 


No. ‘ t Miett / My 


47A 1.063 
478 1.060 
47C 1.053 
47D 1.061 
49A 909 
49C 913 
49D 916 
49F 921 
50A 1.123 
50B 1.070 
50C 1.001 
50D 994 





From his flow data and the conventionally measured 
viscosities of the fluids, he calculated radius values 
which he compared with radius values measured accord- 
ing to the visual technique of Shereshefsky." The aver- 
age of his visual values, for a given capillary, was 2.1 
per cent lower than the average of his calculated values: 
i.e., flow was faster than indicated by the visually 
measured radius and the viscosity. Bulkley concluded 
that the effects are within the range of experimental 
error. The recent claims of Henniker'” that flow in 
very small capillaries is slower than predicted by 
Poiseuille’s law and conventionally measured viscosities 
has teen effectively rebutted by Bulkley.” 

From Equation (3) it may be seen that, when u.,¢; 
is much less than 4,.¢¢, #.r¢ iS proportional to r°. T° is 
directly proportional to r from Equation (2). If for Table 
2 all the deviations of u,,.¢/, from unity were attributed 
to a mistake in the visual radius measurement (which 
seems possible because of the approximate agreement 
between 4,.1¢/#, Values for runs in a given capillary), 
the following errors in r result: 

Systematic Random 
Static (T°/4 —4% +2% 
Dynamic rere / Hy 1% +4% 
Since Bulkley’s results could have been caused by a —2.1 
per cent systematic error in the visual diameter measure- 
ment technique, such an error might be inherent in 
this method. 


These quantitative measurements cover only cases 
for which the air-liquid-solid contact angle is zero. 
It appears that this angle is zero for water or simple 
hydrocarbon mixtures. The techniques might well be 
applied to systems such as air-methylene iodide-Pyrex 
for which this angle is greater than zero. 


QUANTITATIVE STUDY OF OIL-WATER 
DISPLACEMENTS 


The results of a study of oil-water displacements 
will almost certainly be affected by whether the capillary 
is initially filled with oil or water. A few results will 
now be presented for the “water-in-first” case. If these 
data are interpreted according to the present theory 
(P. =P. ), oils of high viscosity show u.,,/u values 
definitely less than unity. The same oils gave bere /u 
values of about unity for the air-oil case. Thus Table 3 
contrasts the results obtained with the Type I cell for 
the benzene-water and Nujol-water systems in Pyrex 
capillaries with diameters between 4 and 6 microns. 
Here the effective viscosities of both water and oil have 
been determined by the graphical method. For these 
water-oil systems P® in a given capillary was gen- 
erally constant to about +2 per cent, rather than the 
+1 per cent range encountered in air-liquid systems. 

In 5-micron-diameter capillaries, the only evidence 
for the assumption of P.—P is that the contact angle 
visually appeared to be the same during oil and water 
floods, and that the interface remained stationary at 
a well-defined static capillary pressure. However, photo- 
graphic measurements of the dynamic and static contact 
angles for the same oil-water systems in 30-micron- 
diameter capillaries show that © 6° within 1 per 
cent of the cosine. 


For the benzene-water case, only ranges or average 
values of the various quantities have been recorded. 
Within an average deviation of about 10 per cent, 


42 


our model seems to describe water-oil displacements 
adequately when the capillary is initially filled with 
the wetting liquid and the viscosities of the two liquids 
are not greatly different. 

In the Nujol-water case it may be stated that the 
wide variation of the 4,..¢/u, values has little physical 
significance because, when un, << w, Mere iS affected 
greatly by small errors in the measured quantities. In 
fact, if 4c, is set equal to wu, and wre is calculated 
numerically, all the «...-/ 4, values still remain between 
0.486 and 0.613. Gillespie,” in studying slug flow in 
the water-castor oil system in 40 to 60 micron-diameter 
capillaries, observed the equivalent of these low effective 
viscosities for the oil phase. 


The interpretation of the reduced u..¢¢/4, values 1s 
that there is probably a thin annular film of water 
between the oil column and the capillary wall. Yuster 
has derived an expression for the relative permeabilities 
in a uniform capillary in which this distribution of fluids 
prevails. His Equation (24) for the relative permeability 
to oil, with our notation for the viscosities, is 


a 7, ei ee fe Ss ee | 


My 
where S, is the oil saturation. If ¢ is the ratio of the 
thickness of the water film to the radius of the capillary, 
then 
rir—er)’ 
. i Peas eae eer. 
rr 
Further, it may be shown* that 
Bs = €e./ mise? (1 " ene a eee 
By combining Equations (6), (7), and (8), we obtain 
Mh, u 


€) EEbaee” . cs OR 
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If Equation (9) is applied to the Nujol data of 
Table 3, the calculated water-film thicknesses all lie 


between 28 and 44 A. These values are reasonable both 
in terms of molecular dimensions and the limit of resolu- 
tion of the microscope. 


It should be emphasized that, although these results 


TABLE 3— OIL-WATER DISPLACEMENTS (TYPE | CELL 
WATER-IN-FIRST”’ 

Run P Water 

No. Mince My 


Benzene-Water 
29 runs in 
eight 
capillaries 
Nujol-Water 
10A 
108 
13A 
138 


148 


Capillary Diameters: 
Benzene-Water Range: 10°* to 6.16 « 10 ' cm 
Nujol-Water 10A-8 , x 10 ' cm 
13A-8 
14A-B 


*K is the ratio of the actual oi! flow rate during the displacemen‘, 
re 


Q . to the flow rate to be expected in the same capi‘lary when 


actr ! 

onanieadie filled with oil, Q, with the same potential gradient 
(dP/dx) in both cases. By Poiseuille’s law: Q (mrr/S pw) 
(dP/dz). Further, Q rel « )*v, where v is the 
interfacial velocity. Our calculations essential y define Mer by 
the relation dp/dzx Sv u r?. Combination of these relation- 


eff 


ships yields Equation (8). 
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confirm the possibility of a relative permeability to oil 
greater than unity for the case of a uniform capillary, 
they in no way prove the existence of such an effect in 
actual cores. At most they might suggest the possibility 
of its occurrence in a core. However, most flow data 
rule against this possibility. There might be value none- 
theless in more extensive checking of the generally 
accepted independence of relative permeability and 
viscosity in oil-water systems with oil viscosities of sev- 
eral poises. 
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422-G: (Not yet selected) 


9:00 a.m. to 11:30 a.m. — PRODUCTION OPERATIONS 
— Roof Garden, Plaza Hotel 


384-G: Studies of the Mechanism of Paraffin Deposi- 
tion and Its Control, by D. A. SHock, J. J. 
Crockett, and J. D. SupBury, Continental 
Oil Co. 


385-G: Big Mineral Field Exploitation A Challenge 
to Engineers, by J. M. Gar ick, Shell Oil Co. 


386-G: A Low Cost Method of Production Stimulation, 
by A. W. Garst, Stanolind Oil and Gas Co. 


12:00 m. — PETROLEUM BRANCH MEMBERSHIP 
LUNCHEON — Ballroom, Gunter Hotel, John R. 
MeMillan, Petroleum Branch Chairman, Presiding 


12:00 m. — For the Ladies — LUNCHEON and STYLE 
SHOW — Menger Hotel 


2:45 p.m. to 5:00 p.m. — RESERVOIR MODEL STUD- 
IES — Ballroom, Gunter Hotel 


414-G: Estimated Effect of Horizontal Fractures on 
Production Capacity, by Paut B. CRAWFORD 
and Bossy L. LANDRUM, Texas Petroleum Re- 
search Committee. 

Scaling Laws for Use in Design and Operation 
of Water-Oil Flow Models, by L. A. RAPopPorT, 
Carter Oil Co. 

Displacement of Oil from Porous Media by 
Miscible Liquids, by J. OFFERINGA and C. CAN 
DER PoeL, Koninklijke/Shell Laboratorium, 
Amsterdam. 


2:45 p.m. to 5:00 p.m. — PRODUCTION EQUIPMENT 
Roof Garden, Plaza Hotel 

394-G: Producing Lease Operations Design of Op- 
erating and Maintenance Jobs and Related Tools 
and Transportation Equipment, by HAROLD S. 
KELLY and ROGERS FILSON, Phillips Petroleum 
Co. 
Radio Communications in the Petroleum Indus- 
try, by Jerry S. Stover, Communications En- 
gineering Co. 
Theoretical and Practical Aspects of Free 
Piston Operation, by J. M. LEBEAUx and L. F. 
SuppuTH, Stanolind Oil and Gas Co. 


A New Tool for Perforating Casing Below Tub- 
ing, by B. M. CALpwect and H. D. Owen, 
Welex Jet Services, Inc. 


7:00 p.m. to 12:00 m.— PETROLEUM BRANCH 
BANQUET AND DANCE —Club Seven Oaks, 
North San Antonio 


Wednesday, October 20 


8:00 a.m.to 5:00 p:.m.— REGISTRATION and EXHIB- 
ITS — Ballroom, Plaza Hotel 


8:30 a.m. to 11:15 a.m.— FORMATION FRACTURING 
— Aztec Theater 


405-G: 


406-G: 


Optimum Sand Concentrations in Well-Treat- 
ments, by PETER DEHLINGER, Continental Oil 
Co., W. H. Browne, Battelle Memorial Insti- 
tute, and C. O. BUNDRANT, The Western Co. 


The Development and Application of “Frac 
Treatments in the Permian Basin, by J. M 
Moore and D. E. RaAMseEy, Dowell, Inc. 
Fracturing at High Injection Rates Soraberry 
Trend Area Field, by T. P. Brooks, P. C. 
O’QUINN, and W. E. Lire, Southern Produc- 
tion Co., Inc. 


Effects of Extensive Well Fracturing on _ the 
Water Flood Operation in North Texas Strawn 
Sand, by GENE E. RoarK and J. D. LINDNER, 
James A. Lewis Engineering, Inc. 


9:00 a.m. to 12:00 m.— DRILLING and WEL’. COM- 
PLETION — Ballroom, Gunter Hotel 


387-G: 


388-G: 


Tubing Joint Leakage, by Martin E. TRUE. 
Humble Oil and Refining Co. 

Field Welding on Oil Field Tubular Goods, 
by J. N. Biron and B. G. Frazier, Gulf Oil 
Corp. 

A Proven Method for the Control of Incoim- 
petent Sand Formations, by H. B. Ruitcn, 
Dowell, Inc. 


Strength of Oil Well Cements and Additives 


Under High Temperature Well Conditions, by 
CALVIN D. SAUNDERS and WAYNE A. WALKER, 
Halliburton Oil Well Cementing Co. 


9:00 a.m. to 11:15 a.m. — GEOLOGICAL ENGINEER. 
ING — Roof Garden, Plaza Hotel 


399-G: 


Application of Radioisotopes to Sub-Surface 
Surveys, by A. A. ALBERTS, R. D. Cocanowea. 
and C. O. BUNDRANT, The Western Co. 

Use of Spectrographic Analysis for Correlation 
in Limestone Rocks, by JOHN C. MILLER and 
FRANK W. JESSEN, The University of Texas. 


1:30 p.m. to 4:30 p.m. — DRILLING — Ballroom, Gun- 
ter Hotel 


391-G: 


Performance Data and Description of New 
Type Drilling Mud D-Gasser, by R. W. ERWIN 
and R. L. O’SHIELDs, Salt Water Control, Inc. 
The Pumpability of Clay-Water Drilling Fluids, 
by I. HAVENAAR, Koninklijke /Shell Laborator- 
ium, Amsterdam. 

Lignosulfonate Stabilized: Emulsions in Oil 
Well Drilling Fluids, by W. C. BROWNING, 
Marathon Corp. 


2:00 p.m. to 4:00 p.m. — RESERVOIR ENGINEERING 
— Roof Garden, Plaza Hotel 


417-G: 


418-G: 


419-G: 


Production of Water-Driven Reservoirs Below 
Their Bubble Point, by A. B. Dyes, The 
Atlantic Refining Co. 

Advantage of a Coordinated Formation Evalu- 
ation Program, by H. M. SHEARIN, JR. and 
J. R. LATIMER, Humble Oil and Refining Co. 
Multiple Correlation Techniques in Petroleum 
Engineering, by R. K. GUTHRIE and Mar- 
rIN H. GREENBERGER, Seeligson Engineering 
Committee. wa 
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SETS 2-YEAR RECORD 


for 93) and ens 


for perfect runs... ig See 


HALLIBURTON’S 


HYDRO-SPRING TESTER 


You can count on your fingers the mechanical failures in 20,000 Hydro- 
Spring tests. This near perfect, two-year record is the big miracle in 
modern testing, a record that’s never been equalled. 

Hydro-Spring makes your job easier, helps you do it better. When you 
order a test you expect a smooth, successful performance. But no testing 
tool is 100% perfect over a period of time. Nearest to perfection is 
Halliburton’s Hydro-Spring, and the reason is that it was designed to be 
practically fool-proof. 

For one thing Hydro-Spring opens by weight of drill pipe... 20,000 
pounds opens tester in two minutes. That’s all there is to it; no rotating 
pipe, dropping bar, or turning J-slots. You know positively that tool is 
open when weight indicator jumps. 

Because of an equalizing By-Pass, Hydro-Spring runs in faster... 
reaches bottom easier. This feature reduces spudding, manipulation, dam- 
age to formation. It also prevents forcing of mud into formation being 
tested. 

An Expanding-Shoe Packer minimizes drag going in hole, releases its 
grip easier, comes out of hole intact leaving less rubber to be drilled out. 
And when the string is back on the walk the Bourdon Tube provides you 
with the most accurate and detailed pressure recording available. 

It’s small wonder that Halliburton’s first in formation testing, most popu- 
lar with most operators. Let Hydro-Spring make your job easier, better. 
Next time call your local or district Halliburton office, just minutes away. 
Or contact Halliburton Oil Well Cementing Company, Duncan, Oklahoma. 


TESTING 


Hydro-Spring Tester—Potent Applied For 





H. T. OLSEN has opened an office 
in Los Angeles as a consulting pe- 
troleum engineer specializing in the 
valuation of oil and gas properties 
and in property management. He is 
also California consultant to San 
Juan Oil Co. of Dallas. Prior to 
opening his California office, Olsen 
worked with Superior Oil Co. from 
1937 until 1952. Then he opened 
a petroleum consulting office in Dal- 
las, which he operated until Feb- 
ruary, 1954. 


ROBERT S. MOEHLMAN was re- 
cently elected executive vice-presi- 
dent and C. WaARDELL LEISK was 
elected vice-president of the Austral 
Oil Exploration Co., Inc. Moehlman 
has been with the company since 
its formation in 1950, having worked 
as chief geologist for South American 
Mines Co. prior to this. Leisk joined 
the company in 1952 after working 
with The Texas Co., Hendrickson 
Oil Co., and with George W. Strake, 
Houston independent oil operator. 


RAYMOND T. LaIRD has opened an 
office in Oxnard, Calif., as a con- 
sulting petroleum geologist. Formerly 
he was developmental geologist with 


Standard Oil of California 
Argeles. 


in Los 


Louis F. Davis and T. C. Frick 
will assume new positions in the 
Atlantic Refining Co. organization 
in the near future. Davis has been 
named assistant manager of the Ok- 
lahoma-Kansas region, with offices 
in Tulsa. He has been general pro- 
duction superintendent since 1951. 
Frick has been appointed manager 
of the Production Division and will 
office in Dallas. He has been regional 
coordinating manager of the South- 
west Texas region at Corpus Christi. 
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M. M. LEIGHTON has retired from 
his position as chief of the State 
Geological Survey of Illinois after 
serving 31 years as chief and 35 
years as geologist. His successor is 
John C. Frye, State geologist and 
executive director of the Kansas 
Geological Survey, and professor of 
geology at the University of Kansas. 


S. F. Birp, chief reservoir engi- 
neer for Amerada for the past seven 
years, has resigned to accept a posi- 
tion as petroleum engineer with Her- 
man H. Kaveler, petroleum consul- 
tant in Tulsa. The University of 
Oklahoma graduate has worked with 
International Petroleum Co. in Peru 
and with Imperial Oil Co. in western 
Canada, in addition to his experience 
with Amerada. 

FRANKLIN ALTON WADE has ac- 
cepted the position of professor and 
head of the Department of Geology 
at Texas Tech College, Lubbock. 
Formerly he was professor of geology 
at Miami University, Oxford, Ohio. 


R. J. GRANBERRY has been elected 
to the board of directors of Core 
Laboratories, Inc. The graduate of 
Louisiana State University has been 
employed by Core Lab since 1941. 
He will continue as district engineer 
for the company’s entire Lower Texas 
Gulf Coast and South Texas opera- 
tions, the position he has held since 
1947. 
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R. V. SMITH is now technical ad- 
visor to the chief production engi- 
neer of the Natural Gas Department, 
Phillips Petroleum Co. Formerly he 
was natural gas engineer with the 
Bureau of Mines, Bartlesville. 


Ww 


J. H. GaLLoway and L. H. Byrb 
have been promoted in the Humble 
Oil & Refining Company’s Produc- 
tion Department. Galloway, formerly 
assistant superintendent of the West 
Texas Division, has been named 
assistant manager of the Production 
Department to assist in handling field 
assignments. Byrd, production super- 
intendent in Humble’s California 
area, will succeed Galloway in the 
Midland post. Other Humble changes 
include the moving of J. C. Mc- 
DuFFigz, Jr., to Thompsons, Gulf 
Coast Division, as district petroleum 
engineer, and of W. B. Swan to the 
Houston office as senior petroleum 
engineer. 


Louis C. BALL has been named 
vice-president and assistant to the 
president of Johnston Testers, Inc. 
He formerly was regional manager 
of Rheem Manufacturing Co. in 
Houston and has worked with Henry 
J. Kaiser and the Aluminum Co. of 
America. 


ERNEST SLAUGHTER, JR., has been 
appointed manager of the Wichita 
Falls District by Lufkin Foundry & 
Machine Co. The Texas A&M grad- 
uate has worked with the company 
in Lufkin and Odessa, Texas. 


Ww 


S. K. Morepock, JR., has accepted 
the position of president of a newly- 
formed royalty corporation known 
as Texas Minerals, Inc., located in 
Houston. Prior to taking this posi- 
tion, he was valuation engineer with 
the U. S. Treasury Department, Bu- 
reau of Internal Revenue, Oklahoma 
City, Okla. 
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Panhandle, Hobbs, and Hugoton 





GROWTH of BRANCH CONTINUES as 
THREE NEW SECTIONS APPROVED 


The Petroleum Branch continued its rapid growth 
as three new Sections, predominantly petroleum in 
membership, were recently approved by the AIME 
Board of Directors. They are the Panhandle Local 
Section, which meets in Pampa, Tex., the Hugoton 
Local Section, which meets in Liberal, Kan., and Guy- 
mon, Okla., and the Hobbs Petroleum Section, which 
meets in Hobbs, N. Mex. 

These sections were formed pending release of the 
territory they cover from the Section which formerly 
held the counties concerned. The Hobbs Section was 
designated as a “Petroleum” Section because it over- 
lays another Section, and the Panhandle and Hugoton 
groups are regular local sections. 


Panhandle Loca! Section 


With Donald E. Radtke, of Magnolia Petroleum Co., 
as chairman, the Panhandle Section has increased in 
membership by 85 per cent since its recent organization. 
The Section embraces the Texas counties of Hutchison, 
Roberts, Hemphill, Oldham, Potter, Carson, Gray, 
Wheeler, Deaf Smith, Randall, Armstrong, Donley, 
Collingsworth, Parmer, Castro, Swisher, Hall, Briscoe, 
and Childress. All of these counties formerly were in 
the territory of the Oklahoma City Section. 


Other officers of the Panhandle Section are Joe 
M. Daniels, The Texas Co., first vice-chairman; Jack 
C. Bendler, Phillips Petroleum Co., second vice-chair- 
man; and Henry J. Rose, Cabot Carbon Co., secretary. 
Directors are T. S. Whitis, Amarillo Oil Co., D. W. 
Jackson, Gulf Oil Corp., and J. H. Ziser, Phillips 
Petroleum Co. 


Dae 

Participating in a discussion at the June meeting of 
the Panhandle Local Section are, seated left to right: 
Don W. Jackson, Gulf Oil Corp., director; Henry J. 
Rose, Cabot Carbon, secretary-treasurer; and John 
Arps, British-American, the speaker. Standing are Don- 
ald E. Radtke, Magnolia, chairman; J. A. Ziser, Phillips, 
director; and Jack C. Bendler, Phillips, second vice- 
chairman. 
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Jack Phillippe 


Hugoton Local Section 


The Tri-State Gas and Oil Assn. voted in February 
to petition for AIME local section status and has ful- 
filled the requirements. Jack Phillippe, Panhandle 
Eastern Pipe Line Co., is the chairman of the Hugoton 
Local Section which includes counties in four states 
Other officers are W. L. Horton, vice-chairman, and 
C. P. Pycatte, secretary-treasurer. 

Texas counties included in the Section are Hansford, 
Lipscomb, Dallam, Sherman, Ochiltree, Hartley, and 
Moore. Oklahoma counties are Cimarron, Texas, Beaver, 
and Harper. Colorado counties are Prowers and Baca. 
Kansas counties are Stevens, Seward, Meade, Clark, 
Ford, Gray, Haskell, Grant, Stanton, Hamilton, Kearny, 
Finney, Scott, Wichita, and Greeley. 


Hobbs Petroleum Section 


The organizational meeting of the Hobbs Petroleum 
Section attracted 102 persons, the majority of whom 
were non-members of the AIME interested in mem- 
bership. W. G. Abbott, Amerada Petroleum Corp., was 
elected chairman, and John Yuronka, Jr., was elected 
secretary, after the group voted unanimously to peti- 
tion for Section status. 

The Hobbs Petroleum Section “overlays” the Carlsbad 
and Potash Section and includes the New Mexico coun- 
ties of Lea, Eddy, Chaves, and Roosevelt, and the 
Texas counties of Gaines and Yoakum. Some of these 
counties had previously been the territory of the South 
Plains and Permian Basin Local Sections. 

The formation of new local sections in areas where 
sufficient numbers express an interest in organizing 
such a group is a part of the continual program of 
the Petroleum Branch to “take the Institute to its 
members.” kik 


Harold Decker, center, discusses AIME activities 
with two new officers of the Hobbs Petroleum Section. 
They are W. G. Abbot, chairman, left, and John Yur- 
onka, Jr., secretary. 
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Under applicable conditions, experience proves 
that expensive coring for porosity analysis can be 
cut down to one control well out of every 4 to 10 
or more wells in the same general area, according 


to the geological formations encountered. 


Comparisons between quantitative evaluations of 
porosity by PGAC’s Neutron-Neutron log and 
those determined by independent laboratory 
analysis of costly cores, show differences ranging 
from only Y% of 1% to about 1%. That’s why so 
many operators take advantage of the tremen- 
dous savings offered by the use of this PGAC 
service. 


WHO! 3 
e :is 


PGAC has rendered field service in Quantitative 
Evaluation Of Porosities since early 1953. Remem- 
ber...PGAC, and only PGAC, can offer the 
superior accuracy proved for the Neutron-Neutron 
method of logging. Without cost or obligation, 
you can examine typical porosity evaluation re- 
sults and full details of the scientific facts upon 
which this service operates. 


| Say You Can 


CUT YOUR COSTLY CORING 


75% 10 90% 
Use... 


QUANTITATIVE EVALUATION 
OF POROSITIES BY... 


PG A C= 


WRITE FOR THE FACTS 


Just write today to PGAC, P. O. Box 1435, Houston, 
Texas .. . and ask for your free copy of the publication: 
“Quantitative Evaluation Of Rock Porosities.” Liberally 
illustrated with radioactivity logs, their interpretations 
and uses, this is valuable file data for every oilman. It 
shows WHERE and HOW and WHY you can save 75% 
to 90% of your costly coring operations for porosity 
analysis. 


IF YOU'RE OVER OIL 
PGAC ALWAYS GETS MORE OF IT 
—AT LESS COST! 


“That Guy 
Sure Knew 
His Arithmetic” 


PGAC-547 


= ses LD Le CORPORATION 


Houston, Texas Telephone: LYnchburg 4161 
General Offices: 3915 Tharp St. — Sales Office: Melrose Bidg. — Main Plont: 7730 Scott St. 


31 PGAC OFFICES ALWAYS READY TO SERVE YOU...CALL THESE TELEPHONE NUMBERS FOR PROMPT SERVICE 
TEXAS: Houston, LYnchburg 4161 — Corpus Christi, 3-1324 — Dallas, RAndolph 2943 — Longview, Plaza 9-4486 Ali 
Abilene, 2-4172 — Gainesville, 2517 — Odessa, 66429 — Beaumont, 2-4263 — Victoria, 1023 = Goshen, 1728 > coh 


LOUISIANA: Shreveport, 3-1648 — Lake Charles, 4724 — Lafa 306 
; . yette, 4-2396. KANSAS: Great Hob! 
OKLAHOMA: Oklahoma City, CEntral 2-5342 — Pauls Valley, 1577 — Seminole, 2938 ag Pog peep ol os. “ied ee 





AFFILIATE COMPANIES: CANADA~—Perforating Guns of Canada, Ltd; Edmonton, Alberta 
ES GERMANY—Atlas Deutsch-Amerikanische Olfelddienst G. m. b. H.; Kiel 





NOMINEES for AIME OFFICES for 1956 


Carl E. Reistle, Jr., of Humble Oil & Refining Co., 
has been nominated for AIME president for 1956. 
Biographical sketches of Reistle and of the other nomi- 
nees for vice-president and director and for director 
are published here in compliance with Article IX, Sec- 
tion |, of the Institute by-laws. 

These men were nominated by the Institute Nominat- 
ing Committee, each to serve a three-year term with 
the exception of the president. If no other nominations 
are received by Sept. 1, 1954, these nominees will be 
declared elected. The Institute by-laws state “... If 
any complete or partial ticket of nominees signed by 25 
Members or Associate Members is transmitted to the 
Secretary of the Institute prior to September first, a 
letter ballot as hereinafter provided shall be printed 
and mailed before October first to the membership in 
the United States, Canada, and Mexico.” 


For President 


C. E. ReistLe, JR., is a member of the Board of 
Directors of Humble Oil & Refining Co. and in charge 
of the Production Department. After graduation from 
the University of Oklahoma in 1922 with a BS degree 
in chemical engineering, he joined the U. S. Bureau of 
Mines in Bartlesville as a junior petroleum chemist. 
In 1933 Reistle became chairman of the East Texas 
Engineering Assn., a cooperative organization formed 
to obtain engineering facts on the efficient operation of 
the East Texas field. He joined Humble in 1936 as 
engineer-in-charge of the Petroleum Engineering Divi- 
sion and rapidly succeeded to head of the Division, 
general superintendent of the Production Department, 
and then to manager of production operations. In 1948 
Reistle assumed his present position, after serving in 
World War II as technical advisor for District III of 
the Petroleum Administration for War. 


For Vice-President and Director 


WaLTER A. Dean is Cleveland works chief metal- 
lurgist of the Aluminum Co. of America. He is a 1926 
graduate in chemical engineering of Cooper Union 
Institute of Technology in New York City and received 
his MS and PhD degrees from Rensselaer Polytechnic 
Institute. Following his graduation, he joined the Alumi- 
num Co. of America to work in the research labora- 
tories. In 1945 he was named assistant manager of the 
permanent mold plant at Cleveland, and in 1949 he 
assumed his present position. 


WILLIAM WALLACE MEIN, JR., is president of Cala- 
veras Cement Co., Bishop Oil Co., and Clear Lake 
Water Co., all of San Francisco. He is a 1932 
graduate of Harvard College with an AB degree in 
engineering sciences and worked first for the Calaveras 
Cement Co. plant at San Andreas, Calif. Then he spent 
two years as petroleum production engineer and oil 
geologist for Bishop Oil Co. in Texas and Oklahoma. 
Resuming his employment with Calaveras, he advanced 
to the vice-presidency and in April, 1951, to the presi- 
dency. In 1947 he was elected president of Clear Lake 
Water Co. and in 1953 became president of Bishop 
Oil Co. 
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For Director 


RICHARD WHITSETT FRENCH, JR., is vice-president of 
production for the Standard Oil Co. (Ohio). He attended 
the Universities of Delaware, Southern California, and 
Harvard. In 1933, after a service tour and some expe- 
rience with General Electric Co., he joined the Con- 
tinental Oil Co., of Ventura, California. By 1936 he had 
become production engineer for the Los Angeles office, 
and after serving for seven years in this capacity was 
moved to Ponca City as assistant manager of the Pro- 
duction Department. In 1947 French accepted the 
position of chief engineer and assistant to the vice- 
president in charge of production. He continued to 
move up rapidly and assumed his present position in 
April of 1954. 

D. C. HELMs has been associated with the Lehigh 
Navigation Coal Co. since 1909. Prior to that he had 
worked with the Brooklyn Navy Yard, American Bridge 
Co., St. Clair Coal Co., and Philadelphia & Reading 
Coal & Iron Co. His first position with Lehigh was as 
a chairman and draftsman. Prior to his retirement, 
he had become vice-president and served in that capac- 
ity for two years. 

ALVIN J. HERZIG was recently elected vice-president 
in charge of research for Climax Molybdenum Co. The 
University of Michigan graduate worked for National 
Supply Co., Toledo, before returning to the University 
to obtain his MSE degree in 1931. Then he joined 
the staff of Climax Molybdenum Co. of Michigan in 
1949, 

Howarp C. PyLe has been president of Monterey 
Oil Co. since November, 1951. He holds a BS degree 
from the University of California and a MS degree 
from USC. He worked in the oil fields of California 
and Venezuela before compiling an outstanding record 
in World War II as a member of the staffs of General 
Eisenhower and Field Marshall Montgomery, and as 
deputy chief of G-4 petroleum branch, communications 
zone. Before accepting his present position, he was, in 
turn, vice-president of the Bank of America, president 
of Continental Consolidated Corp. and Continenfal 
Corp., and a consulting petroleum engineer in Los 
Angeles. 

E. H. Rose was until recently research engineer for 
Tennessee Coal & Iron Division of U. S. Steel Corp. 
The University of Kansas graduate began his career 
in Bolivia as a mill superintendent with the Patino 
Mines, moved to Mexico in a similar capacity, and to 
Canada in 1930. Until 1945 he was mill superintendent 
of International Nickel Co. of Canada. He has been 
a member of the raw materials advisory committee, 
U. S. Atomic Energy Commission since 1949. 

JOHN W. VANDERWILT is president of the Colorado 
School of Mines, Golden. The graduate of the Uni- 
versity of Michigan and Harvard Graduate School has 
instructed in geology at the University of Colorado and 
served as a junior geologist with the U. S. Geological 
Survey in Washington, D. C. In 1950 he was named 
to his present position, after returning to the School 
of Mines as a trustee in 1947. In 1953 he became a 
member of the Committee on Mineral Research, Na- 
tional Science Foundation. wk 
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Employment Notices 


The JoURNAL will post notices o! 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. 

Replies to positions coded W137 
and Y9664 below should be ad- 
dressed to: Engineering Societies 
Personnel Service, 8 West 40th St., 
New York 18, N. Y. The ESPS, on 
whose behalf these notices are pub- 
lished here, collects a fee from ap- 
plicants actually placed. 

PERSONNEL 
yrGeologist, MS, ten years expe- 
rience, field and subsurface geology, 
in U. S., South America, Europe, 
and Africa. Desires foreign assign- 
ment in supervisory capacity. Avail- 
able immediately. Code 219. 

POSITIONS 
yyAssistant Editor, chemical or me- 
chanical graduate, 25-30, with at 
least two years practical experience 
in petroleum refining, petrochemi- 
cals, or natural gasoline (plant oper- 
ation, design or construction) for 
staff of monthly magazine in petro- 
leum processing field. Previous edi- 
torial experience not necessary, but 
must be able to write clearly and 
cleanly, and have done some work 
in preparing reports. Salary about 
$5,000-$6,000 a year. Location, New 
York City. W137. 
yyPetroleum Production, Geological 
and Engineering Clerk, experienced 
in keeping field records, tabulating 
data and typing reports. Salary, 
$3,900-$5,200 a year. Headquarters, 
New York, N. Y. Y9664. 
yyTeacher for Petroleum Engineer- 
ing subjects, preferably with master’s 
degree. One-half time to be devoted 
to teaching and the remainder of 
the time can be spent on work to- 
wards advanced degree in science, 
engineering, or mathematics. Salary, 
$3,600 for approximately nine 
months. Send complete record to 
Department of Mining and Petro- 
leum Engineering, The Ohio State 
University, Columbus 10, Ohio. 
vyIndustrial fellowships and state 
sponsored research positions avail- 
able. If interested and qualified with 
BS or equivalent in petroleum engi- 
neering, send resume of education 
and experience to Graduate Advisor, 
Department of Petroleum Engineer- 
ing, University of Texas, Austin 12, 
Tex. 
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Talks, Demonstration on In-Situ Combustion Draw 
Record Attendance to Pacific Junior Group Meet 


By DAVID K. HAYWARD 


Attendance records were broken 
again when 165 members and guests 
of the AIME Junior Group of the 
Pacific Petroleum Chapter met at 
the Turf Club in Rivera to hear 
Jan Law and Charles Wright speak 
on the subject of “in-situ. combus- 
tion.” During their presentations, 
Paul Culligan conducted an actual 
laboratory “ourn” of a typical Calli- 
fornia oil sand. 

Wright, president of Oilwell Re- 
search, described in-situ. combus- 
tion as a means of applying heat 
to a reservoir to reduce the oil vis- 
cosity and to strip the sand of its 
oil The process is one of first adding 
heat to the reservoir and then con- 
ducting a hot air drive. After initial 
heating with a bottom hole heater, 
subsequent heating is odtained from 
the residual coke beds in the reser- 
voir which are kept aglow by air 
injection. Liquids recovered may 
amount to 75-90 per cent. 


Two Schools of Thought 

Since the year 1920, when Stand- 
ard Oil Co. of New Jersey applied 
for the first pateat on distilling crude 
oil underground, developments have 
led up to successful field tests in the 
mid-continent by Sinclair and Mag- 
nolia. Recently, General Petroleum 
Corp. announced its proposed test in 
the South Belridge field of Califor- 
nia. There are two schools of thought; 
Sinclair uses a bottom hole gas 
burner and obtains a complete high 
temperature front, volatilizing all 
hydrocarbons, and Magnolia uses an 
electric heater, and elevates the tem- 
perature only enough to reduce the 
viscosity to a desired level. 

Problems ahead are: (1) the eco- 
nomics of individual projects, (2) 
how to increase the petrochemicals, 
(3) means of increasing the Btu 
content of produced gases, and (4) 
how to apply the best method in a 
particular sand. 


Typical Data 

Jan Law, petroleum engineering 
consultant, presented some typical 
data on the operation of an in-situ 
combustion field experiment. Besides 
the procurement and maintenance of 
equipment, energy must be provided 
to heat the reservoir and to compress 
the injected air. It may take about 
27,000 Btu/cu ft of oil sand t» 
elevate the temperature to 600°F 
initially, but from then on the re- 
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sidual coke beds can supply  suffi- 
cient heat to continue the operation. 
Compression costs, however, are the 
bottleneck. For example, consider 
a 5-acre five-spot injection pattern. 
For each foot of vertical sand sec- 
tion in each injection well, it would 
require ultimately 150 MCF. day of 
compressed air for injection. A 100- 
it sand would require compressor 
capacity of 15,000 MCF/day per 
injection well. On the other hand, 
a l-acre five-spot pattern would re- 
quire ultimately 70 MCF day per 
ioot, cr 7,000 MCF /day for a 100- 
ft sand. Odviously, then, a balance 
must be found between well spacing. 
drilling costs, and sand thickness. 


Laboratory Experiments 


Wright returned to the rostrum 
to report on the results of his lab- 
oratory experiments. He has obtained 
gravity rises of 1.2 to 3.0° API 
Heating of the oil sand partially 
segregates the components of crude 
oil so that less residual matter need 
be sent to the refinery. Furthermore, 
certain petrochemicals estimated to 
be worth $50/bbl can be obtained 
from producing wells. 


During a question period, Norris 
Johnston, president of Petroleum 
Technologists, asked if by-passing 
of injected air has been a particular 
problem. 


No By-Passing Problem 

Law answered him by recalling 
Sinclair’s field experiment in which 
cores were taken following the burn, 
indicating complete recovery trom 
the entire S1-ft sand section. Since 
there was permeability variation in 
the sand, by-passing would have been 
anticipated in a conventional gas 
drive or water drive, but by-passing 
did not reduce recovery in the Sin- 
clair test. At high temperatures, per- 
haps the process is more of a gas- 
vapor drive than a gas-liquid drive, 
therefore affording more efficient 
recovery. 

Paul Culligan, director of the Oil- 
well Research laboratory, conducted 
a ladoratory burn during the meet- 
ing. Shown were the oil sand prior 
to burning, the progress of the com- 
bustion front moving through the 
Pyrex tube, the glow of the residual 
coke left behind, the oil driven from 
the tube, and the clean, white sand 
which remained. 


Reinartz Recovering from 
Injury Sustained in Fall 
At Meeting in New York 


AIME President Leo Reinartz 
had the misfortune to fall while 
attending a session at the meeting 
of the American Iron and Steel 
Institute in the Waldorf Astoria 
Hotel in New York on May 26. He 
severely injured the tendon and 
muscles in his right leg, just above 
the kneecap. His leg was operated 
on two days later and he was con- 
fined to the New York hospital for 
several weeks afterward. He flew 
back to Middletown, Ohio, last 
month, but does not expect to get 
about normally before September. 


Clay Mineral Technology 
Theme of Houston Meeting 

“Clay Mineral Technology” is the 
theme of the Third National Clay 
Minerals Conference to be held at 
the Rice Institute, Houston, Oct. 27, 
28, 29, 1954. The Conference is 
sponsored by the Clay Minerals Com- 
mittee of the National Research 
Council. 

A special part of the program will 
be devoted to fundamental or ap- 
plied papers. Anyone interested in 
presenting papers in any of these 
or other fields pertaining to clays 
or related minerals has been invited 
to contact A. F. Frederickson, Wash- 
ington University, St. Louis 5, Mo. 


Company Offers Fellowship 
At University of Texas 


A $1,500 fellowship at the Uni- 
versity of Texas is being offered again 


this year by Lane-Wells Co. The 
holder of the fellowship will be a 
candidate for the degree of Master 
of Science in petroleum engineering. 

The appointment to the fellowship 
will be based upon scholarship and 
qualifications for research. Applica- 
tions should include an official tran- 
script of all college work, a photo- 
graph, a statement of marital status, 
experience record, and three ref- 
erences. Applications should be sent 
to H. H. Power, Department of Pe- 
troleum Engineering, University of 
Texas, Austin, Tex. 


James O. Lewis Dies 


James O. Lewis, 1946 recipient 
of the Anthony F. Lucas Medal, 
died at 8:35 a.m. on June 15. An 
appreciation of the Houston con- 
sultant who contributed so much to 
the industry will be carried in a future 
issue Of PETROLEUM TECHNOLOGY. 
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ESTIMATING OIL RESERVES 


J. J. ARPS 
MEMBER AIME 


This is a report of a talk given in June to the new 
Panhandle Local Section at Pampa, Tex. J. J. Arps, 
assistant to the executive vice-president and manager 
of the Research and Economics Department of British- 
American, has spoken on this subject before local sec- 
tions in Tulsa, Dallas, Fort Worth, Wichita Falls, Lub- 
bock, Odessa, Denver, and Casper, and before Canadian 
technical groups in Calgary and Edmonton. 


Estimating oil reserves is one of the most important 
phases of the work of a petroleum engineer, since 
most technical problems are based on a recommenda- 
tion comparing the cost in terms of dollars with the 
result in terms of barrels. On such estimates may 
depend: 

a. The price to be paid in case of a sale or purchase 

of an oil property: 

b. The proper depreciation rate for the investment in 

oil properties; 


. The division of ownership in unitization; 


d. Large-scale plans for development or construction 
of auxiliary plants; 


. The construction of gasoline plants, pipelines, re- 
fineries. 


Unfortunately, the answers are most urgently needed 
when only a minimum amount of information is avail- 
able, while the interest in reserve figures — aside from 
their use for accounting purposes — usually declines 
when the property gets closer to its economic limit. 
At such time the estimates are known with much greater 
degree of accuracy. 


The usual history of reserve estimates over the life 
of a property is illustrated with a hypothetical case, 
graphically shown as Fig. 1. 


Three Periods 


Three distinct periods are distinguished. The first one 
is the so-called “barrels per acre” period when the esti- 
mates are based on the performance of similar fields 
in the same area. This is the period before the first 
well is drilled. Estimates during this period could range 
from as low as AB (property not commercially pro- 
ductive) to as high as CD. 

The second period is the “barrels per acre-foot” 
period when the estimates can be made on a volumetric 
basis. At this time the sand and oil characteristics 
should be known, as well as the net pay-volume, while 
some idea must be available of the type of reservoir 
mechanism expected. The range of reserve estimates 
during this second period has now narrowed down from 
as high as GH to as low as EF (assuming the property 
is commercially productive). 

During the third period of the hypothetical case the 
volumetric estimate, the “barrels per acre-foot period,” 
can be balanced against estimates based on performance 
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data. This is therefore called the “decline curve” period. 


As the cumulative production increases (curve BK) 
during this third period, the range of estimates between 
JK and LK narrows itself down until at the time when 
the lease is ready for abandonment the maximum and 
minimum estimates converge in point K and the esti- 
mate becomes a certainty. 


Under-estimating — Over-estimating 


In looking over the history of recovery estimates 
over a period of time in many different fields, it seems 
to be a common experience that really good properties, 
such as in the East Texas, Yates or Oklahoma City 
fields, have been generally under-estimated in the 
beginning, and that the poorer ones such as in the 
Spraberry or West Edmond fields are usually over- 
estimated during the early stages. 


The methods followed during the second, or “barrels 
per acre-foot” period, when estimates are made on a 
volumetric basis, was first discussed. The type of cal- 
culations that must be made to arrive at minimum and 
maximum estimates for solution gas drive and water 
drive fields was shown. A new method of estimating the 
ultimate recovery for solution gas drive type fields using 
the free gas space created at abandonment time to 


(Continued on Page 57) 
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Fig. 1 — Schematic representation of the three periods 
in the life of a producing property, the type of data 
used for and the range of the recovery estimates. 
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NEW gi” DRIFT INDICATOR 


Another Eastman FIRST ... the quick 
action, positive SNAP-LOCK Drift Indi- 
cator Barrel requires no wrenches. Just 
a twist of the wrists is all that’s needed 
for locking this new barrel. Eastman 
Engineers have designed the Stainless 
Steel SNAP-LOCK Barrel to operate 
under any and all conditions. Maxi- 
mum protection for the instrument is 
assured through the use of shock ab- 
sorbers both inside and at the lower end 
of the barrel. This New Eastco SNAP- 
LOCK Barrel can be GO-DEVILED 
or run on a WIRE LINE. 


YOU CAN DEPEND ON 

EASTMAN FOR FAST, DE- 

PENDABLE, AND EFFICIENT 
SERVICE 


26 offices for your convenience &.. 
consult your Telephone directory 2 


AL DR, 
oo ny 


_ 


Eastman Oil Well Survey Company 
- LONG BEACH DENVER HOUSTON 


“ o 
Tar 

Export Sales and Service 
EASTMAN INTERNATIONAL COMPANY 


P. ©. Box 1500 * Denver, Colorado 





Allocation of Costs 


(Continued from Page 13) 


Because it depends on the use of gas-well gas costs 
from a representative number of gas wells to determine 
casinghead gas unit costs, the application of the 
energy content method discussed here is not adaptable 
to companies that have little or no gas-well gas pro- 
duction. It is felt, however, that other modifications 
of the basic principle involved in the energy content 
method can be devised to overcome this limitation. 


Conclusion 


It is recognized that the method outlined herein for 
allocating the common costs incurred by petroleum pro- 
ducers in supplying liquids and gases is not a complete 
answer to the problem. The need for allocating these 
costs has come only recently and methods of making 
the allocation are in the early stages of development. 
As gas continues to grow in importance, proper cost 
allocation will become increasingly important. As more 
and more operators in the industry find it necessary 
to make allocations, improvements in methods will 
come. The important thing is that we recognize the fact 
that an appreciable portion of the industry’s costs are 
attributable to gas and begin to make an effort to 
determine what that portion is. The method used at 
Humble is, we hope, at least a start in the right direction. 

kkk 


Oil Reserves 
(Continued from Page 55) 
compute the unit recovery was described. This method 
is based on a relationship between this free gas space, 
the type of oil, the solution gas-oil ratio, and the type 
of rock, and was demonstrated with a series of curves. 


Comparisons Made 


In the presentation, comparisons were then made of 
solution gas drive recoveries between sandstones and 
limestones, and for sandstone reservoirs encountered at 
different depths. 

While discussing the third period, or “decline curve” 
period, it was stressed that estimates based on per- 
formance data do not have to be confined to pro- 
duction decline curves alone. Other variables which are 
being measured with reasonable accuracy and which 
have a known end point can be plotted against either 
time or cumulative and can be extrapolated to this 
end point to provide the desired answer. 

Examples were shown in which percent oil in total 
fluid, cumulative gas production, changing water table, 
etc., are used to arrive at the remaining reserves. 

A classification of production decline curves in three 
groups consisting of constant percentage, hyperbolic 
and harmonic decline was shown, and the formulas for 
the rate-time and rate-cumulative relationships for 
each of those cases was developed. 


Rules-of-Thumb 


It was then shown how the rate-time and rate-cumu- 
lative curves for each of those cases can be straightened 
out by using different kinds of graph paper. Illustrations 
were given of actual examples of different types of 
decline curves and their extrapolation. 

The meeting ended with a presentation of a collection 
of “rules-of-thumb” covering simplified calculation 
methods pertaining to petroleum engineering problems. 
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Board of Directors Approves Changes 
In By-laws and Nominating Procedure 


A revision in the Institute by-laws and certain changes 
in the nominating procedure for AIME officers and 
directors were approved by the AIME Board of Di- 
rectors at its recent meeting. 

The revision in Art. XI, Sec. 3, of the AIME by- 
laws, published in the April issue of all three Institute 
journals, was passed by the Board. In short, the 
amendment removes the limitation of $400 as the maxi- 
mum grant to a Local Section in any year. 

The aid given to Local Sections who request it in 
1954 consists of 50 cents per member on Jan. 1, 1954, 
half of the initiation fee received from all new mem- 
bers, and the first-class railroad fare to and from the 
Annual Meeting for the Section Delegate. Aid to be 
granted in 1955 has not yet been decided upon in any 
of these three respects. 

The principal change made by the Board in the 
nominating procedure for Institute officers is that a 
two-thirds majority, instead of a simple majority, is 
necessary for selection of the candidates by the Nom- 
inating Committee. Briefly, the change is as follows: 

Twelve votes out of the 18 are required to name 
a candidate for the slate, the chairman having a vote. 
If no candidate receives 12 or more votes at the meet- 
ing of the Committee, a letter ballot or ballots shall 
be conducted among the members of the Committee 
within a 60-day period. If the letter ballots fail to 
provide nine candidates each with 12 or more votes, 
then the two highest candidates shall be submitted to 
all members of the Institute for letter ballot. 





Air-powered 


TUBING 
SPIDER 


(A Cavins Co. Product) 


(Pat. Pend.) 


ELIMINATES BACK-UP TONGS: 
Insert type Slips secure tubing against 
rotation and do away with back-up 
tongs or wrenches. 


Two more 
reasons for 
owning an 
ADVANCE 
TUBING 


FULL CIRCLE SLIPS: Conventional 
SPIDER 


type slips for extra long strings and 
parallel strings fully protect the 
tubing against crushing. 





Bulletin TS-54 tells the whole story. 
We invite you to send for your copy. 


Aduance Oil Teal Co. 


2853 Cherry Ave., Long Beach 6, Callif., Ph. 485-64 
Mid-Continent Rep: Hillman-Kelley 
Export Rep: Roland E. Smith 

















PROFESSIONAL SERVICES tucccce erctehic only 10 Ate members 








AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oi! and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS. 


CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 


KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG. 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 
W. O. Keller L. F. Peterson 














BALL ASSOCIATES 
OIL AND GAS CONSULTANTS 
Max W. Ball Douglas Ball 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W 
WASHINGTON, D.C. 








DENTON-SPENCER 
COMPANY, LTD. 


Petroleum Engineers and Geologists 


Barron Building Calgary, Alberta 


MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 
Engineering - Geology - Management 
131 Central Bidg. Phone 2-5216 
MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 











J. HOWARD BARNETT 
PETROLEUM CONSULTANT 


Casper National Bank Bidg. Phone 2-1758 


113 East Second St Casper, Wyoming 








ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston 2, Texas 


EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 21st St. 

TULSA 5, OKLAHOMA 
Phone: 9-6345 


WAYNE L. McCANN 
Petroleum Engineering and Geology 


SHREVEPORT, LOUISIANA 
Slattery Building Phone: 2-8023 

















W. RUSSELL BIRDWELL 


Consulting Petroleum Engineer 


PHONE 6-660! BOX 1348 
Frontier Oil & Gas Bidg. 
McALLEN, TEXAS 


EASTON & SACRE 


Consulting Petroleum Engineers 
E. M. Easton 
L. P. Sacre, Jr. 
H. M. Allen 
1660 Oak Street Phone FAirview 2-3934 
BAKERSFIELD, CALIFORNIA 


M. M. MONTGOMERY 
CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions, 

Production, Workovers, 
Property Management 
Hapip Bidg. Williston, 
3-4642 Ni Dakota 





JOHN A. NEWMAN 
Reserve Estimates, Property Valuation 
Reservoir Analysis 
319 Gulf Building Houston 2, Texas 














BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Management 


903 Employers Insurance Building 
Dallas, Texas ST-5331 


WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Oklahoma City, Okla. FO-5-1421 


NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses — Water Flood Projects 
Natural Gas Engineering 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 

















Oil and Gas Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 
Petroleum Engineer 


National City Bidg. STerling 1688 
DALLAS, TEXAS 


FITTING & JONES 
Engineering and Geological Consultants 
Ralph U. Fitting, Jr. 

. R. Jones 
T. W. Hassel! 

Natural Gas 
Box 1637 
Midland, Texas 


Petroleum 
223 S. Big Spring St 
Phone 4-445) 


OILFIELD RESEARCH 


Core Analysis — Evaluation 
Development of Water Flood Projects 
Operation of Water Flood Projects 


EVANSVILLE, INDIANA 


1907 Division Street 
PHONES: 6-5591 (Night, 6-4882 or 6-0608) 

















JOHN G. CAMPBELL 


Analytical and Petroleum Chemists 
Podbielniak and Charcoal Analyses 
Waters - Oil Field Brines 
Field Sampling 
PHONE: 4-3071 CORPUS CHRISTI, TEXAS 


ROBERT D. FITTING 
Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 
201 West Building Phone: 4-4922 


ERNEST K. PARKS 


CONSULTING PETROLEUM ENGINEER 
Planning, Directior, and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 
California 
Telephone: Arizona 34832 

















— 
CHEMICAL & GEOLOGICAL 
LABORATORIES 


Investigations - Evaluations 
Chemical Engineer 
Petroleum Geologist 
Petroleum Engineer 
CASPER, WYOMING 


Consultants - 
James G. Crowford 
H. F. Summerford 
George W. Davis, Jr 
P. O. BOX 279 





MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texos Phone PR-6376 


PETROLEUM CONSULTANTS 
Engineering and Geology 
E. O. Bennett 
D. G. Hawthorn 
1552 Esperson Building 


James O. Lewis 
M. D. Hodges 


Houston 2, Texas 




















E. W. HOUGH 
Emulsion and Paraffin Problems 
Box 7547 University Station 
Austin, Texas 








PETROLEUM TECHNOLOGISTS 


Production Research — Core Analysis 
Secondary Recovery 
868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 
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Rates Upon Request 








PISHNY AND ATKINSON 
Engi s and Geologi 
Valuation of Oil and Gas Properties 
2412 Continental Life Bldg 
FORT WORTH, TEXAS 
Chas. H. Pishny 





Burton Atkinson 








HARRY H. POWER 
PETROLEUM AND VALUATION ENGINEER 
Box 1542 University Station 
Austin, Texas 








E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 
Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 








R. WAYNE RUSSELL 


PETROLEUM Commuesson 
Geology, Engineering and Management 
625 ieaees = life LF Dalles, Tex., 
hone ST 





Proposed for Membership, Petroleum Branch 


TOTAL AIME membership on Apr. 30, 
1954, was 20,519; in addition 1,401 Student 
Associates were enrolled. 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEE 


F. G. Prutzman, chairman; J. H. Sullivan; 
F. C. Kelton; C. C. Harter; Virgil Harris; 
Charles Hudson. 


INSTITUTE ADMISSIONS COMMITTEE 


0. B. J. Fraser, chairman; R. B. Caples, 
vice-chairman; F. A. Ayer, A. C. Brinker, 
R. H. Dickson, Max Gensamer, Ivan A. Given, 
Fred W. Hanson, T. D. Jones, Sidney Rolle, 
J. H. Seaff, John ¢° Sherman, F. T. Sisco, 
Frank T. Weems, R. L. Ziegfeld. 


The Institute desires to extend its geteemee 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary's office if 
names of people are found who are known 
to be unqualified for AIME membership. 


In the following list C/S means change of 
status; reinstatement; M, Member; J, 
Junior Member, A, Associate Member; S, 
Student Associate. 


Alabama 
Mobile — Goerner, Frank Anderson (M). 
California 

Fullerton West, William Junius (M). 
Maywood -— Aker, Jimmie Rollen (R, C/S- 
S-A). 


Colorado 
Denver 
Englewood 


Hanson, Carl Dwayne (R, M). 
Kunzman, William Joseph (J). 


Kansas 
Great Bend Parks, Robert Winfield (J). 
Pratt Gibbs, James Brice (M). 





JOHN HOWARD SAMUELL 


Specializing in Bank Valuations 
Geologist and Petroleum Engineer 


Compton Building Box 732 
Phones 4-4493 and 4-4597, Abilene, Texas 








SOL SMITH 
CONSULTING ENGINEER 
PETROLEUM AND NATURAL GAS 
Reserves Deliverability 
Oil and Gas Proration 
913 BROWN BUILDING 
AUSTIN, TEXAS PHONE: 8-9498 


_— 
Lake Charles 
(M). 


Hillhouse, Gordon Emerson 


New Mexico 

Hobbs — Harrison, Edward Tate (M); Mad- 
dox, Jack F. (M) 

Jal — Cole, Pre Monroe, Jr. (J) 
Maljamar — Davis, Russell Judy, II (J). 


Oklahoma 
Avant — Hobson, J. C., Jr. (J). 


Chickasha — Fitzgerald, Daniel Edward (J) 
Duncan — Causey, Norman Henry, Jr. (M); 
Saunders, Calvin Duane (M). 

Oklahoma City — Donahoe, Charles William 
(J); Ernst, Edward August (A); Taylor, 
rt agg Gale (J); Zimmerman, Grier Dudley 


Panis Valley — Cone, Arnold Ernest (A). 
isa — Blevans, Don W. (M); Dunn, George 
Vinesnt, Jr. (J); ln ny Frank Johnson 
(M); McGhee, Edwin (M). 
Texas 
Alice — MeNeill, Hubert Earnest (A). 
Alvin Milner, Charles Porter (J). 
Amarillo — Lauth, Robert Edward (J); Os- 
good, Charles Edwin, Jr. (J) 
Arlington Bradley, Howard Bishop (C/S- 
A-M). 
Austin — Keithly, Clyde Marion (M). 
Ballinger — Perdue, Howard Mullins (J). 
Breckenridge — Sutton, Cecil Calvin (M). 
Corpus Christi— Freeze, Burlin E. (M); 
Watts, Claud Arliss (J). 
Dallas — Ford, Walter Othelo, Jr. (J); 
Heald, Benj. Carter (A); Teubner, Wilbur 
Glenn’ (M); Thomas, Clifford Eldon, Jr. (J): 
Wiederkehr, Alvin Maurice (M); Williams, 
Robert Guy (A). 
Encino — Willingham, James Ernest (M). 
Houston — Dawson, Lester Roy (M); Free- 
land, Jean (M); Logan, Robert Vincent (A); 
Pearce, Sam William (A); Reddie, William 
Andrew (M); Stone, Herbert Losson (J). 
Levelland — Stacey, Carl Edward (M). 
Odessa — Moriarty, Francis William (M). 
Pampa — Graham, James William, Jr. (J) 
San Antonio — Bommer, Cleon L. (J). 
Snyder — McGannon, Richard Louis (J). 
Tyler — Key, Homer William (J). 
Wyoming 
Casper — Jones, Harold Sinclair (M). 
Riverton — Larson, Robert E. (R, C /S-A-M); 
Lear, Bert Allen (R, C/S-S-J). 


Canada 
Edson, Alta 


Egypt 
Cairo — El Mekkawy, Abdel-Sattar Mohamed 
(R, C/S-S-J). 


Italy » 
Fortunati, Federico (M). 


Persian Gulf 
Dukhan, Qatar — Wheatley, Peter Derek (J) 


- Klein, Frans (M). 


Peru 
Lima — De Rossi, Guido (M). 


Venezuela 
Caracas — Grosmangin, Michel (M) 
Jusepin — Ganskopp, William Frederick (M) 











WM. H. SPICE, JR. 
Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 








SUBSURFACE 
ENGINEERING COMPANY 


Experts in Field Testing, Sampling and 
a Ng een and ated Fluid 
r Reservoir Studie: 
waicHt PETROLEUM LABORATORY 
Home Office: Box 1827, Tulsa 
Frank Purdum 








TRAFFORD & ASSOCIATES 


Geological, Petroleum Engineering and 


M oc te, 


E. Trafford Phones 
R. Pot Wales Hotel Bidg. 692591 
J. B. Newland 10th Floor 61212 
K.R. Stout Calgary, Alberto 61224 
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HAVE YOU CHANGED YOUR ADDRESS? 


In order that publications and correspondence may reach you promptly, the 


Petroleum Branch, 


VoLoc 
3idg., Dallas 1, Tex 
Name— 

Old Address 


New Address. 
for 
Publications. 


Title or Position Held 


Address for 
Directory 


AIME, should be advised as soon as possible of any change 
in your address, preferably a month before the change becomes effective. For the 
AIME directory and for the Personals column of the JouRNAL oF Perroteum TeEcn- 
y, additional information is desired. The form below is provided for your 
‘onvenience, and should be sent to Petroleum Branch, AIME, 800 Fidelity Union 


es | ee 





Listing Ld 


List below your former title or company position, nature of your new position, or 
other information of interest to your associates for publication in the JOURNAL OF 


PETROLEUM TECHNOLOGY. 





@us month normally required for change of addvess. 














NEW GAS SUPERCOMPRESSABILITY APPARATUS 
Routine Test Instrument Exceeding 
Research Laboratory Accuracy 


INSTRUMENTS for the Oil Industry 


Ruska Instrument Corporation specializes in 
the development and manufacture of 
scientific instruments for the oil and mining 
industries. 


Reservoir Engineering 


Pressure Measurement 
Ask for New 


Volumetric Pumps CATALOG 


Core Analysis 


Ruska Instrument Corporation 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 
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GET A 
DETAILED 


PICTURE 


of drilling 

operations 
while the 
well is 


BEING 
DRILLED! 


Geolograph shows downtime, round trip time, 
minutes per foot, drilling time, guide for bit change, 
connections, etc. Gives the driller information he 
needs to do the most efficient job. That's why you 
save when you log as you drill with Geolograph. 


Le} fe} Role} Fi). 


MECHANICAL WELL LOGGING SERVICE 


x 1291+ Oklahoma City 1, Okla 


Farmington, New Mex. * Liberal, Kan. * Oklahoma City, Okla. * Bakersfield, Cal. 
Abilene, Houston, Odessa, Lubbock and Wichita Falls, Tex. * Shreveport, and 
Baton Rouge, la. * Casper, Wyo. * Glendive, Mont. * Sterling, Colo. 
Edmonton, Alberta, Canada 


— 
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MORE PRODUCTION... 
HYDRALIFT’S ‘full size standard 
API balls and seats, close top 
and bottom pump end clearance 
and long stroke action add up 
to greater volumetric: efficiency 
especially when pumping 
high gas-oil ratio wells 
HIGHER LIFT... 
HYDRALIFT’S maximum engine 
piston diameter to size of tubing 
means higher lifting capacity 
GREATER ECONOMY... 
HYDRALIFT’S greater 
displacement delivers more 
fluid at lower cost 


Hydralift 


sub-surface hydraulic 


OIL WELL PUMP 


BETTER SERVICE... 
HYDRALIFT’S simplified 
iction cuts maintenance 
) minimum’. When service 


ary, BJ gives quick 


r needs 

can be repaired 

u few hours at nearby 

BJ service shops...or at your 
well head when the need arises 
INSTANT INSTALLATION... 

HYDRALIFT can be run in your 


aTalemecttial, ni vit 
existing hydraulic pump cavity 


For descriptive bulletin or other information, contact: 


Byron Jackson Co. DEMPSEY DIVISION 
2240 East King Street, Tulsa, Oklahoma, Telephone: 9-1297 OR 2301 E. Vernon Ave., Los Angeles 58, Calif., JEfferson 6171 





~ fast 
rl gn j 


When you call Lane-Wells for down-hole information 


FAST, because Lane-Wells DUALIZED Radioactivity Well Logging gives you 
Gamma Ray, Neutron Curve and Collar Log — all or one trip in the hole. 

Think what that saves in down-time! § But even more important, you get it RIGHT, 
because Lane-Wells logging instrumentation gives you the same reliable, 
repeatable curves which have been proved accurate in more than fifty thousand 
radioactivity well logging jobs... sharp curves, fully detailed for dependable 

data to aid in best possible completion and all future work on that well. § “FAST” 
is good: “RIGHT” is better. With Lane-Wells Logging you get "em BOTH! 


Write for further information on 


f' 
iG) LANE ©\WELLS 
DUALIZED 
Radioactivity Well Logging 


LANE-WELLS General Offices, Export Office, Plant - 5610 So. Soto St., Los Angeles 58 


LOS ANGELES » HOUSTON - OKLAHOMA CITY: LANE-WELLS CANADIAN CO. IN CANADA + PETRO-TECH SERVICE CO. IN VENEZUELA 


AR-7038 





